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PREFACE 


Several  members  of  NA'l  ()  have  eommenccU  the  development  of  new  fightci  aircraft  which  arc  to  be  introduced  into 
operational  use  in  the  latter  part  of  the  1 9y0s.  These  future  fighter  aircraft  will  be  very  agile,  capable  of  sustaining  +9  Gz, 
and  will  employ  very  advanced  weapons  systems.  In  order  to  avoid  overloading  the  single  pilot  there  will  be  extensive  use  of 
automatic  operation  of  the  aircraft  systems,  the  engines  and  the  sveapons,  Multi  function  coloured  displays  will  be  used  in  the 
cockpit  together  with  aural  warnings  and  voice  opera teil  devices.  The  pilot  will  b(  provided  with  an  excellent  external  view 
and,  although  he  will  employ  helmet  mounted  displays  and  sights,  he  will  still  be  required  in  some  situations  to  detect, 
identify  and  attach  targets  using  his  unaided  vision.  In  addition,  the  aircraft  may  be  opeiatcd  in  a  chemical  warfare 
environment  when  the  pilot  will  be  required  to  wear  protective  equipment. 

The  performance  of  these  new  fighter  aircraft  and  the  manner  in  which  they  will  be  operated  requires  a  very  high  level 
of  performance  front  the  pilot  who  will  at  times  be  highly  stressed  both  physically  and  mentally.  The  pilots  selected  and 
trained  to  operate  the  future  fighter  aircraft  will  require  a  high  standard  of  medical  and  perha[)s  physical  fitness.  In  addition, 
the  physiological  training  given  to  these  pilots  should  probably  differ  from  that  used  at  present  by  many  NATO  air  forces. 
There  was,  therefore,  a  clear  need  to  review  the  medical  .selection  and  physical  a; id  physiological  training  which  should  be 
used  for  this  group  of  pilots.  Those  airforces  which  arc  operating  the  F-1  .S,  F-l  6  and  Mirage  2000  aircraft  have  already  had 
to  amend  their  medical  selection  and  physiological  training  procedures.  Tlic  Aetospace  Medical  Panel  decided,  therefore, 
that  it  wouhl  be  appropriate  to  bold  a  symposium  to  review  and  highlight  the  medical  seleclion  and  monitoring  procedures 
which  should  be  used  for  pilots  of  future  fighter  aircraft.  Tfic  .symposium  also  considered  the  physiological  and  physical 
training  which  should  be  provided  for  future  fighter  pilots. 
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TECHNICAL  EVALUATION  REPORT 


Air  Commodore  J  ErnstinR  OBE 
RAF  Institute  of  Aviation  Medicine,  Farnborough,  Hants,  UK 


INTRODUCTION 

Tbe  Aerospace  Medical  Panel  symposintn  on  "Medical  Selection  and  Physiolo(TieaI  Training  of  Future 
Fighter  Aircrew"  vms  held  at  the  Zappeion  Exhibition  Hall,  Athens,  Oreece  on  the  25th  and  26th  April  1985, 
Authors  from  five  NATO  countries  presented  twenty-three  papers. 


The  theme  of  the  symposium  was  the  medical  selection  and  physiological  training  of  aircrew  v/ho  are  to 
operate  the  high  performance  fighter  aircraft  which  are  to  be  introduced  Into  service  in  the  1990s  and 
beyond.  The  Special  Clinical  and  Physiological  Problems  In  Military  Aviation  Committee  of  the  Aerospace 

Medical  Panel  recognised  in  1983  that  the  high  performance  fighter  aircraft  recently  introduced  into  service 
and  under  development  within  NATO,  together  with  the  Increasing  emphasis  on  the  requirement  to  maintain  air 
operations  in  the  presence  of  chemical  and  biological  warfare  agents,  require  a  very  high  standard  of 
performance  from  the  aircrew  in  the  face  of  increasing  environmental  stresses.  TTie  advent  of  such  eiracraft 
which  impose  more  intense  and  novel  aviation  stresses  and  the  environment  in  which  they  are  to  operate 

raised  questions  with  respect  to  the  medical  and  physical  fitness  of  the  aircrew  who  are  to  Dy  them.  The 

Committee  also  recognised  that  the  advent  of  these  new  fighter  aircraft  required  a  review  of  the 

physiological  training  which  these  aircrew  should  undergo,  'fhe  Committee  recommended  to  the  40th  Business 

Meeting  of  the  Aerospace  Medical  Panel,  which  was  held  in  October  1983,  that  the  Panel  should  hold  a 

symposium  on  the  medical  seleotion  and  physiological  training  of  future  fighter  aircrew.  This  recommendation 
was  accepted  by  the  Panel  and  Medicin  General  Inspeeleur  J  Colin  (FR)  and  Air  Commodore  ,1  Ernsting  (UK) 
were  appointed  Session  Organisers  of  the  symposium.  The  call  for  papers  was  issued  by  the  AMP  Executive  in 
May  1984.  A  lota!  of  twenty-five  abstracts  were  received,  of  which  twenty-one  were  accepted.  Two 
introductory  papers  on  future  fighter  aircraft,  one  from  France  and  the  other  from  the  United  States,  were 
by  invitation.  The  progr  .mme  for  the  symposium  was  finalised  by  the  Session  Organisers  earlv  in  October 
1984. 

PURPOSE  AND  SCOPE 

The  purpose  of  the  symposium  was  to  discuss  those  aspects  of  the  medical  selection  and  physiological 
and  physical  training  of  aircrew  which  were  nonsldcied  to  be  Important  with  respect  to  the  performance 
required  of  aircrew  operating  new  and  future  fighter  aircraft.  Areas  of  medical  selpoton  which  are  of 
importance  here  relate  to  the  high  sustained  accelerations  to  which  the  aircrew  may  he  exposed,  the  need  for 
very  high  visual  performance  in  relation  to  target  detection  and  recognition,  and  the  new  forms  of  visual 

displays  which  they  will  be  required  to  use.  Aspects  of  physiological  and  physical  training  which  are  of 
importance  relate  again  to  the  high  sustained  accelerations  and  potentially  disorientating  environment  the 
aircrew  will  be  exposed  to  in  these  aircraft  and  the  need  for  the  aircrew  to  receive  detailed,  systematic 

training  In  how  to  maintain  performance  in  these  environments,  and  how  to  use  sophisticated  visual 

enhancement  dovlocs  and  the  complex  personal  equipment  required  to  protect  against  chemical  and  biological 
warfare  agents. 

The  major  features  of  the  environment  of  aircrew  operating  new  nnd  future  fighter  aircraft  defined 
naturally  the  scope  of  the  symposium.  Thus  the  need  to  ensure  that  aircrew  are  physically  fit  to  operate  in 
the  high  sustained  acceleration  environment  and  to  avoid  cardiovascular  disease  led  to  consideration  of 

cardiov.suciilar  selection  techniques.  This  feature  oi  the  environment  e.iso  warranted  consideration  of  the 

pliysice.  vlamina  and  special  physiological  training  necessary  to  enable  aircrew  to  operate  high  performance 
combat  aircraft.  The  continuing  emphasis  on  vision  as  the  primary  pathway  whereby  aircrew  receive 
iriforfiiatlun  concerning  their  environment  and  the  evolution  of  new  techniques  for  ssscssing  visual  function 

warranted  considerable  attention  to  this  special  sense.  The  provision  of  protection  against  chemical  and 

biological  warfare  agents  and  other  hazards  such  as  nuclear  Dash  blindness  and  the  use  of  visual  enhanccrrcnt 
devices  led  to  considerations  of  the  physiological  training  required  by  these  aircrew.  The  very  high  agility 

which  will  be  a  feature  of  future  fighter  aircraft  makes  disorientation,  which  is  already  a  serious  problem  In 
aircraft  such  as  the  F-16,  an  even  more  prominent  potential  cause  of  impaired  performance  nnd  accidents. 
These  considerations  led  to  the  need  for  the  methods  of  physiological  training  of  aircrew  to  be  reviewed 
during  the  symposium.  TTie  symposium  organisers  recognised  that  experienced  already  gained  with  new  fighter 
Hircrun  recently  introduced  into  service  sueti  as  the  E-lfi,  the  F-18  and  the  Mirage  2000,  provided  a  firm 

basis  for  the  prediction  of  problems  which  may  arise  In  future  fighter  aircraft  and  the  medical  selection  and 
piiysiological  training  procedures  which  will  be  required  to  avoid  and  overcome  them.  Thus  papers  detailing 
current  experience  of  the  medical  selection  and  physiological  training  of  aircrew  for  the  new  generation 

flghtsr  aircraft  such  as  the  Mirage  2000,  the  P-16,  the  F-IB  and  the  Tornado  were  invited  and  included  in 
the  programme. 

SYMPOSIUM  PROGRAMME 

The  symposium  jsomprlsed  seven  sessions  as  follows:  ''■y 

- - - - - 

st ~'seg8Tuii,  Performance  of  Future  Fighter  Aircraft,  wiiicii  consisted  of  two  pB(>ers  describing 
those  features  of  future  figtiter  aircraft  >Mlevatrt  te -thr -aubjoet  sywipnainni,  set— the- aceoe  For  -Hie 

Vh  /iU'/djc  10 (Xj  f  ' 


^ O' 1 


Tti0  S0OOfK!  T^esslun,  Modlcal  Selection  t  Ooncrfll,  oomprised  two  pnpops  which  presented  nn  overview  of 
present  medical  selection  ^ procedures  with  emphasis  on  those  used  for  fighter  aircrew* 

a ) 

^’h«“  sessten.  Medical  Seleoilon  :  Cardiovascular  Aspects,  covered  the  detection  end  prediction  of 

cardiovascular  disease  and  the  cardiovascular  effects  of  high  sustained  acceleration.  It  Included  a  very 
valuable  presentaiion  on  the  way  ahead  with  respect  to  these  aspects  of  the  selection  and  retention  of  the 
pilots  of  high  performance  aircraft. 

(U  . 

■The  fourth  session.  Medical  Selection  :  Vision  Aspects,  reviewed  important  aspects  of  vision,  in 
particular  target  acquisition  and  use  of  coloured  displays,  and  the  vision  standards  which  are  required  of  pilots 
operating  high  performance  fighter  aircraft. 

('  ‘  ) 

The  fifth  sc,«ion,  Mc<licn1  Selection  :  The  Spinal  roliimn,  considered  the  hazards  to  the  neck  and  the 
cervical  portion  of  the  spinal  cord  prodiieec  by  the  high  acceleration  environment  and  discussed  methods  of 
detection  and  avoidyice  of  cervical  vertebral  disease. 

The  sixth  seBsmn,  Medical  Selection  and  Training  :  Physical  Pitness,  dealt  with  the  assessment  of 
physical  fitness  in  aircrew  and  ps  r^ation  to  performance  in  flight. 

The  -wventh  -session  addressed  the  l^ysiologieal  training  which  should  be  provided  to  aircrew  with 
emphasis  upon  those  who  are  to  operate  higli  performance  eombat  aircraft. 

TECHNICAL  EVALUATION 

It  is  convenient  and  probably  useful  to  present  a  technical  evaluation  of  each  of  the  seven  sessions 
which  comprised  the  symposium  and  then  to  consider  the  major  factors  brought  out  by  the  symposium  in  the 
concluding  section  of  the  evaluation. 

Session  I  -  Pcrformspcc  of  Future  Fighter  Aircraft 


-  ;  ■  I 


MfiEI 


The  organisers  envisaged  the  two  invited  papers  whieh  comprised  this  opening  session  of  the  symposium 
as  scene  setters.  The  papers  were  to  highlight  those  features  of  the  fighter  aircraft  to  be  introduced  into 
service  in  the  1990s  and  beyond  whieh  will  determine  the  environment  in  whieh  the  pilot  will  he  required  to 
operate  and  the  f>erformance  required  of  him.  In  view  of  present  fighter  aircraft  development  programmes 
within  NATO  one  paper  was  invited  from  the  United  Stales  and  the  other  from  a  European  country  involved 
in  the  development  of  the  European  Fighter  Aircraft  (EFA).  The  US  paper  (No  28)  was  contributed  by 
Lieutenant  Colonel  Krobusek  of  the  USAF  Flight  Dynamics  Ijaboratory  at  W'right-Fatterson  Air  Force  Pase. 
The  "European"  paper  was  contributed  by  France  and  the  speaker,  because  of  the  considerable  differences 
whieh  existed  at  the  time  of  the  symposium  between  the  European  air  forces  engaged  in  the  development  of  a 
Staff  Target  for  a  European  Fighter  Aircraft,  confined  his  presentation  to  a  discussion  of  the  French  combat 
aircraft  for  1999,  Athough  there  arc  some  differences  of  emphasis  in  the  operational  requirements  and 
technical  solutions  to  those  requirements  between  the  French  Air  Force  on  the  one  hand  and  the  German, 
Italian,  Spanish  and  British  Air  Forces  on  the  other,  the  overall  requirertients,  and  particularly  those  of 
aeromedloal  interest,  are  very  similar.  It  was  posslb.e,  therefore,  to  gain  a  reasonably  balanced  picture  of 
those  aspect!,  of  the  performance  and  the  operational  roles  of  fighter  aircraft  to  be  introduced  into  the 
NATO  air  forces  in  the  1990s,  which  affect  the  pilot  and  may  be  affected  by  his  performance. 

The  paper  (No  2V)  by  Colonel  Viant,  a  member  of  the  French  Air  Staff,  described  the  new  eombat 
aircraft  which  Franco  intends  to  introduce  into  service  in  1995.  This  aircraft  is  to  be  highly  agile  with  equal 
priorities  being  attached  to  the  air-to-air  (air  superiority  fighter)  role  and  the  air-to-ground  (ground  attack) 
role.  In  this  respect  the  French  requirement  differs  from  that  of  the  other  European  NATO  air  forces 
involved  in  the  EFA  programme.  The  latter  (OE,  IT,  SP  and  UK)  place  primary  emphasis  on  the  air-to-air  role 
with  the  air-to-ground  role  being  a  secondary  function  of  the  aircraft.  In  the  air-to-air  role  the  aircraft  is  to 
be  able  to  intercept  and  destroy  enemy  fighters  both  beyond  visual  range  and  in  close  combat,  and  to  destroy 
bombers  and  helicopters.  In  the  air-to-ground  role  the  aircraft  is  to  be  able  to  attack  airfields,  enemy  ground 
forces  and  armour  and  battlefield  interdiction  targets.  The  aircraft  must  operate  effectively  under  all  weather 
conditions  both  by  day  and  by  night  and  in  the  electronic  warfare  environment  which  is  predicted  for  the 
lg90s.  Although  ideally  the  performance  of  these  verw  demanding  tasks  requires  a  crew  of  two,  all  the 
European  air  forces  involved  in  the  EFA  programme  have  opted  for  a  snglc  seat  aircraft  for  cost  reasons. 
The  future  fighter  ai' craft  of  the  USAF  is  also  to  have  only  one  crew  member.  It  is  argued  that  advances  in 
cockpit  and  system  design  will  allow  a  single  crew  member  to  carry  out  all  the  tasks  demanded  of  him.  There 
is  no  doubt  that  one  of  the  major  human  factor  problems  of  these  new  aircraft  is  the  danger  of  excessive 
workload  for  the  pilot,  a  subject  which  has  been  considered  in  another  symposium  held  recently  by  the 
Aerospace  Medical  Panel  "Human  Factors  Considerations  In  High  Performance  Aircraft"  (AGARP  Conference 
Proceedings  371,  1984). 

In  order  to  outclass  future  enemy  fighters  the  new  fighter  aircraft  (EFA  and  the  USAF  aircraft)  is 
required  to  be  lightweight,  highly  agile,  have  t.  high  Specific  Excess  Power,  a  high  sustained  turn  rate  and  nn 
airframe  capable  of  sustaining  +9  Gz  with  full  weapons  and  fuel  toad.  It  is  to  be  provided  vdth  in  flight 

fuelling  and  to  be  capable  of  sorties  lasting  up  to  10  hours.  Although  It  is  to  be  extremely  agile,  the  EFA 
will  be  conventional  in  that  the  accelerative  forces  applied  in  the  Y  axis  will  be  negligible.  It  Is  very  likely, 
however,  that  the  USAF  future  fighter  aircraft  will  incorporate  direct  side  force  and  direct  lift,  the  value  of 
which  has  already  been  demonstrated  in  the  AFTI/F-lfi  prograni„ie.  With  this  technology  the  pilot  will  be 
exposed  to  significant  transverse  accelerations. 

The  future  fighter  aircraft  Is  to  be  equipped  with  advanced  radar  and  alr-to-alr  missile  systems  which 
will  permit  the  simultaneous  engagement  of  several  targets  both  beyond  visual  range  and  in  close  combat 

conducted  under  direct  vision.  Many  aircraft  and  weapons  functions  which  were  previously  under  the  direct 

control  of  the  pilot  are  to  be  automated.  Thus  the  engim.j  are  to  be  monitored  and  controlled  automatically 
as  i.s  the  performance  of  many  other  aircraft  systems  and  system  failures  are  to  be  dealt  with  automatically, 
the  pilot  being  Informed  of  the  failure  only  when  it  .nffccts  the  performonce  of  the  ivcopons  system. 

Navigation  is  also  to  be  automated  with  automatic  terrain  following. 
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'['lie  cockpit  of  the  future  fighter  nireraft  is  to  provide  exee'lent  all  round  vision.  It  wilt  Incorporate 
the  IlOTAS  (iiAnds  on  thrott'e  and  stick)  concept,  multifunction  displays,  and  n  wide  angle  HUD  (hend  up 
display).  Colour  coding  will  be  incorporated  into  llie  displays.  In  addition,  some  form  of  helmet  mounted 
sighting  sy.stcm,  probably  Incorporating  limited  display  of  Information,  will  he  employed  depending  upon  the 
weapons  system  to  be  used.  Night  vision  goggles  and  for'vard  looking  infra-red  sensors  will  be  employed  in 
certain  scenarios.  Sfstcch  will  elso  be  used  as  a  means  of  communication  between  th..  pilot  and  the  aircraft 
systems  with  voice  control  using  single  words. 

lioth  authors  reeogn'sed  the  Importance  of  providing  adequate  protection  to  the  pilot  against  chemical 
warfare  agents,  TTiey  concluded  that  considerable  improvements  in  protec' ivc  ensembles  to  reduce  the 
encumbrance  which  tlicy  impose  on  the  pilot  are  required.  The  authors  also  considered  the  need  for 
improvements  iP  protection  against  nuclear  Dash  blimlness,  partieuiarly  when  considering  the  use  of  night  vision 
goggles.  There  is  a  need  for  the  development  of  novel  methods  of  providing  protection  against  this  hazard. 

Tlie  major  novel  features  of  phy.«lologleal  and  psychological  concern  associated  witri  ttie  new  United 
States  and  European  Fighter  Aircraft  as  hlglilighted  in  the  two  opening  papers  and  ttie  subsequent  discussion 
were  a.s  follows! 

(1)  The  acceleration  environment  -  the  new  aircraft  will  be  capable  of  sustaining  +9  Gz  with 

very  high  patos  of  onset.  The  pilot,  who  may  wel  be  wearing  a  helmet  mounted  pight/display, 

will  require  good  all  round  vision  even  at  high  aGz  levels.  The  pilot  will  be  exposed  repeatedly 
during  air  combat  to  high  G  applied  vary  rapidly.  Altaough  not  to  be  used  in  the  EFA,  a  future 
US  fighter  will  almost  eertainly  apply  significant  acceleration  in  the  Gy  axis.  All  air  forces 
recognise  the  disadvantages  of  a  fully  reclined  seat  as  a  means '  of  Improving  tolerance  of  +Gz 
aoeeleration.  In  particular,  the  loss  of  panel  space  within  the  coekpii  and  restricted  external 

vision  were  emphasised  in  the  USAF  paper  (No  2b).  Tlie  French  Air  Force  intends  to  use 
moderate  reclinaticn  of  the  seat  (.')2“  angle  between  seat  back  and  vertical  axis)  combined  with 
elevation  of  the  lower  limbs.  The  other  FPA  partne.T  consider  that  the  advantages  of  a 
conventional  seat  back  angle  outweigh  tlie  srual'  increase  in  +Gz  tolerance  provided  by  an  angle 
of  32°.  Other  methods  of  enheneing  tolerance  of  +r.z  aeeeleratlon  under  CDnsi.)eration  arc 
nntic.patory  inHation  of  the  G  trousers  and  pressure  breathing.  The  transverse  aecelerations  which 
will  be  experienced  in  a  future  USAF  fighter  will  require,  at  a  minimum,  a  shoulder  pad  restraint 
system.  ' 

(2)  Interaction  between  the  pilot  and  the  aircraft  -  the  new  aircraft  will  embody  the  philosophy 

of  full  automation  of  all  routine  functions  with  the  pilots  effort  being  devoted  to  management  of 
tactics  and  decision  making.  Th'S  change  is  essential  in  order  to  avoid  an  unacceptabie  workload 

on  the  pilot.  Information  on  the  sircraft  and  weapons  aystemc  and  that  obtained  from  the  aircraft 

sensors  will  be  presented  through  multifuno‘ion  visual  display  units  (VDU),  a  wide  angle  HUD  and 
a  helmet  mounted  sight/displav.  The  VDUs  will  employ  colour.  Direct  vision  will  be  enhanced  by 

the  use  of  night  vision  goggles.  TIis  cockpit  design  wiM  employ  tlie  HOTAS  concept  and  voice 
actuated  controls.  Depending  upon  the  outcome  of  research  at  present  underway,  artificial 

Intelligence  may  be  Incorporated  into  t(.c  control  syst.tms  with  the  aim  of  furttier  reducing  the 

,  workload  on  the  pilot.  Ibis  type  of  change  to  the  man-machine  relationship  may  well  not  be  very 
.  acceptable  to  present  pilots  and  may  well  of  itself  Introduce  strsss. 

(3)  F.xtomal  vision  -  in  spite  of  .he  advanced  .sensors  and  displays  to  be  incorporated  in  the 
future  fighter  nireraft,  f.’eat  emphasis  is  being  placed  by  the  Air  Staffs  on  the  value  of  the 
pilot  being  able  to  detect,  locate  and  attack  targets  using  direct  vision.  Good  all  round  vision  is 
oonsidered’  to  essential  ind  yet  helmet  mounted  devices  are  to  be  used  and  the  crew  member 
will  be  exposco  to  high  +Gz  (and  perhaps  to  ±Gy)  accelerations. 

(4)  Protection  against  NBC  hazards  -  the  pilot  will  be  required  to  operate  in  a  chemical 

warfare  environment  and  will  almost  certainly  be  encumbered  by  personal  protective  equipment. 
Protection  of  vision  against  flash  blindness  from  the  detonation  of  tactical  nuclear  weapons  wlU 

al.so  be  required  in  certain  scenarios.  Provision  of  protection  against  flash  blindness  requires 
cither  a  helmet  mounted  device  or  a  cockpit  wit.h  only  a  small  visual  area. 

(5)  Increased  safety  -  tht  systems  of  the  new  fighter  aircraft  will  have  increased  redundancy 

and  reliability.  Attention  is  being  given  to  the  possibility  of  providing  automatic  recovery  of  a 
.stable  flight  condition  in  the  event  that  the  pilot  loses  control  due  to  the  effects  of  high  +Gz. 
aeeeieration  or  disorientation. 

Session  II  -  Medical  Selection  i  Gcnei'nl  Aspects 

The  two  papers  (No  29  and  30)  comprising  tliis  session  dealt  with  the  general  aspects  of  the  medical 
selection  of  aircrew  with  emphasis  on  aiierew  who  ere  to  operate  fighter  aircraft.  The  papers  drew  on  the 
experience  of  recent  changes  in  selection  procedures  In  the  Canadian  Forces  (CF)  and  In  the  United  States 
Air  Force.  In  the  relatively  small  CF  air  force  there  is  a  policy  that  all  pilots  must  be  capable  (medically) 
of  performing  all  piloting  duties,  a  state  of  affairs  very  similar  to  that  which  exists  in  many  of  the  smeller 
NATO  air  forces.  The  USAF  has,  since  1981,  Introduced  a  categorical  medical  waiver  system  which  allows 
aircrew  who  are  unfit  to  fiy  high  performance  fighter  and  attack  aircraft  to  continue  to  operate,  provided 
that  they  are  fit  to  do  so,  tanker,  transport  and  bomber  aircraft.  In  the  longer  term  the  USAF  Is  considering 
Introducing  special  medical  selection  tests  for  fighter  an.d  attack  pilots. 


General  DeHart’s  paper  (No  30)  highlighted  the  experience  of  the  Tactical  Air  Command  that  human 
factors  variables  contributed  to  two-thirds  of  the  louses  of  USAF  fighier  and  attack  aircraft  in  Spatial 

disorientation  end  G  induced  loss  of  consciouwess  arc  considered  to  be  the  most  prominer.'.  causes  of 
accidents.  The  author  emphasised  the  importance  of  adequate  medical  selection  and  of  physiological  training  in 
reducing  the  incidence  of  serious  accidents  and  improving  the  performance  of  the  fighter  pilot.  Improvements 
in  selection  procedures  and  stricter  criteria  of  fitness  for  fighter  pilots  were  establisiieO  in  tlie  USAF  in  the 


period  1977-1979  and  several  of  them  were  adopted  In  1981/82.  The  medical  selcotior,  procedures  for  aircrew 
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in  tlic  Canariinn  Forces  have  nmlcrgone  major  changes  in  the  last  few  years.  I.ieutenant  Coloiinj  nrny 

described  the  ncv.  procedures  in  his  paper  (No  29)  together  rnih  selection  .orooednrcs  which  are  at  present 
being  evaluated  by  the  Canadian  Central  Medicai  Board.  As  with  the  recent  changes  in  nie'lical  selection 
procedures  in  the  USAF,  the  procedures  adopted  by  the  CF  are  aimed  at  improving  the  ability  of  pilots  to 
operate  high  performance  fighter  aircraft. 

Both  the  (ISAF  and  the  CF  have  instituted  procediirc-s  de.signed  to  reduce  the  incidence  of  eoronary 
urtery  disease  in  aircrew.  Major  oovdiovasetrlar  ri.ytt  factors  are  determined  although,  as  pointed  out  by  Colonel 
Hickman  in  the  diseu.ssion  of  these  papers,  the  only  factors  likely  to  be  of  value  in  young  men  are  the  blood 

lipid  concentrations,  rchocurdlogrephy  has  recently  been  introduced  as  the  most  valuable  non-invasive  tool  for 
detecting  structural  earriiae  abnormalities  in  elinioally  normal  individuals.  The  USAF  is  employing  this  technique 
routinely  in  the  selection  of  fighter  pilots  whilst  the  CF  arc  eoinmcncing  a  clinical  trial  to  study  its  value  as 
a  screening  too!  for  pilot  candidates. 

The  need  for  fighter  pilots  to  have  a  very  high  standard  of  vision  hn.s  led  to  revision  of  vi.sual 
standards  and  the  search  f  r  improved  methods  of  measuring  visual  performanee.  Until  1P82  the  ti.SAF 

operated  a  waiver  policy  fr.-  reduced  visual  acuity,  candidates  with  20/Rfl  VA  being  accepted  routirely  for 

piiot  training.  In  1980,  of  g"adUBte  officers  undcrg"i;m  pilot  tr.iining  viore  corrective  flying  spccta’Ies. 

tiince  1982,  all  pilot  enndiiintcs  in  the  USAF  hee  .  c-iuirod  to  have  20/30  VA.  Both  tlie  USAF  and  the 

CF  arc  investigating  the  value  of  determining  contrast  son.sitivity  using  sins  wave  gratings.  The  Canadian 
Central  Medical  Board  has  already  found  the  technique  to  be  of  Value  ill  discovering  undetected  .ocular 

disease.  The  value  of  mcasuremcni  of  oontra,’'t  scn.sitivity  was  explored  more  ftilly  in  Session  IV  of  the 

symposium. 

The  US  Ah  has  also  considered  the  introduction  of  additional  medical  selection  procedures  for  fighter 

pilots  related  to  the  high  +C.v.  levels  to  which  they  arc  exposed.  In  addition  to  the  oardiovaseular  system 

attention  was  directed  to  the  musoulo-skcletal  system  -  particularly  the  cervical  spine  and  the  neck  muscles. 

The  latter  reflects  the  increasing  incidence  of  moderate  ami  .severe  neck  conditions  occurring  in  fighter  pilots. 

The  USAF  is  considering,  but  has  not  yet  adopted,  routine  radlograpny  of  the  cervical  spine  in  the  selection 

of  these  pilots.  Colonel  Hiokms  i,  in  the  discussion,  highlighted  the  ethical  probl.im  which  arises  in  applying  a 

selection  procedure  which  has  an  element  risk  to  a  population,  a  significant  proportion  of  which  vil?  neyer  be 

expo.sod  to  the  hazard  for  which  the  selection  procedure  is  introduced.  He  highlighted  the  advantagct,  of  a 
dual  track  pilot  training  system  where  it  is  possible  to  limit  the  use  of  medical  proecijtires  which  have  an 

element  of  risk  to  those  pilots  who  have  been  selscted  for  flying  in  which  the  hazard  exists.  The  <3F  have 

also  introduced  pulmonary  function  testing  of  all  oircrev;  candidates  ainieri  at  detecting  early  disease  of  the 

small  airways  on  the  premise  that  the  stability  of  the,  small  airwny.s  may  affect  a  pilot's  tolei/mce  of 
sustained  +Gz  acceleration.  The  evidence  to  support  the  addition  of  this  form  of  test  i,s  not  strong  although 
many  air  forces  employ  tests  of  lung  function  in  candidates  v/ith  a  hi-story  of  asthma.  ' 

Sc.ssion  111  ■■  Medical  Selection  i  Gardiova.scular  Aspects 


This  session,  v/liieh  was  devoted  to  the  cardiovascular  system,  compri.scd  four  papers,  one  (No  31)  from 

the  USAF  School  of  ■  Aerospace  Medicine  which  prcsa.tted  one  philosophy  for  this  asncct  of  the  .selection  and 
retention  of  fighter  pilot.!  and  three  papers  (No  32,  .1,3  and  34)  from  the  French  Air  Forge  on  specific  .ispects 
of  (he  subject,  '  .  ^  , 

The  USAF  paper  (No  St)  by  Colonel  Hickiiuin  and  h.*s  eolleafpics  gave  an  eypcllent  pfspcctive  rJ  the 

philo-sophics  on  cardinvasoiilar  selection  and  their  application  in  the  US.AF.  .Tlie  iinrivnllcd  c.iKection  of  clinleal 
dr.xa  on  aircrew  which  has  been  bh.'lt  up  by  the  USAF  School  of  Aerospace  Medicine  over  the  iast  3f  ycurs 
or  so  provided  the  bn.sis  for  tbs  .•Icvolopmeni  of  philosophies  pro.sented  in  this  paper.  The  authors  present  a 

well  argued  case  for  their  view  that  cardiovasoiilor  selection  procedures  for  the  young  fighter  phot  should  be 
ba.seri  upon  the  resting  elcctrocardingram  (both  ambulatory  and  treadmill  testing  give  rise  to  a  large  number  of 
false  positive  findin(,>),  the  tohooardiogram  to  detect  Common  struclviusl  defects  of  the  heart  and  eoro.inry 
artery  .-.iseasc  risk  ffctor  analysi.s  (including  family  history,  liyportcnsion  and  blood  lipids).  Tlie  authors  also 
eonsidcr  the  point  in  Hying  training  at  which  specialised  selection  procedures  for  the  fighter  pilot  such  as 

echocardiography  should  be  carried  out.  They  suggest,  in  a  large  air  force  .such  os  the  U.SAF  vihich  can 
afford  to  have  a  dual  track  .system  in  which  pilots  are  selected  after  completion  of  basic  flying  training  for 

advanced  training  ns  either  fighter/attock/rcconnni.s.sanco  pilots  or  tanker/trnnsport/bomber  pilots,  specialised 

medical  selection  procedures  should  he  employed  after  the  individual  has  beei  selected  for  training  ns  a 

fighter/attack  pilot.  Tfre  economic  and  retention  of  aircrew  advantagc.s  of  this  approach  are  considerable.  Tliey 
ix)int  out  that  the  dominant  fcni  of  cardiova.sculnr  disca.sc  which  may  occur  In  fighter  pilots  once  they  have 
been  selected  in  this  manner  i.s  silent  coronary  artery  disease,  and  advocate  recurring  risk  factor  analvsis  in 

this  group.  Invasive  studies  *0  determine  whether  an  individual  with  a  clinical  or  elcctrocarriirigranhio 

nbnormnllly  can  Hv  .should  he  restricted  to  fully  trained  aircrew.  Furthermore,  ln”asive  studies  v!hich  carry  an 
clement  of  risk  should  only  be  u.sed  when  {his  Is  indicated  by  pi.sk  factor  analysis.  Colonel  Hirlirnan  and  his 

colleagues  estirr.ate  that  medical  selection  for  fighter/attack  pilot  training  at  the  advanced  flying  trainin,"; 

stage  will  eliminate  5%  of  aircrew  of  vihom  811%  will  be  fit  for  training  in  the  tanker/transpiyrt/bomber  roles. 
This  approach  to  the  medical  sclcciion  and  retention  of  flghtm-  pilots  is  extremely  attrnclive  and  many  smaller 
air  forces  could  well  adopt  it,  albeit  in  a  modified  form. 

Medicin  en  Chef  Hie  and  his  eoUoagues  of  the  French  Air  Force  reported  (Paper  No  32)  the  initial 

rerults  of  a  study  using  echocardiography  in  a  group  of  thirty-two  fighter  pilots  and  a  control  group  of  pilots 
Ojicrating  transp>ort  aircraft.  The  two  groups  of  pilots  were  well  matched  for  age,  weight  a.'d  body  dimensions. 
The  authors  did  not,  however,  have  information  on  the  smoking  habits,,  physical  activity  and  physical  fitness  of 
the  pilots.  I’chooardiogrnphy  revealed  borderline  abnormalities  in  eleven  of  the  thirty-two  fighter  pilots  and 
unsuspected  tricuspid  insufficiency  in  a  twelfth  fighter  pilot.  Four  fighter  pilots  had  slight  "ballooning"  of  the 
mitral  valve  into  the  left  atrium,  whilst  eight  had  a  significant  inerense  in  Ihe  size  of  the  right  ventricle. 
Four  abnormal  eehocardiograms  were  '.bund  in  the  control  group.  Three  rontrol  pilots  exhibited  ''oii'loonint!"  of 
Ihe  mitral  valve  whilst  the  fourth,  who  had  served  as  a  fighter  pilot  In  Uric  past,  had  dilatation  of  the  ight 
ventricle.  Tlic  increase  in  the  dlmensia  .s  of  the  right  ventricle  in  the  fighter  pilnt.s  wao  highly  significant. 
The  authors  suggest  that  it  may  Indicate  either  an  adaptation  to  the  high  G  environment  or  early  myorardlnl 
disease-  As  was  brought  out  in  the  discussion,  the  changes  In  the  rlgtit  ventricle  found  in  the  rigliic-,'  pilots 
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OOlilil  possibly  ho  duo  to  tlic  Ri-ontor  physionl  fitnoss  of  Hiis  ctroup  ns  oompnrod  u'ilh  the  oontrols.  The 
ohnnplcs,  with  the  exeoptinii  of  the  enso  of  tpioiispiil  insnffieirncy.  wore  not  eonsitlered  to  he  suoh  ns  to 
precluiie  n  oontinuinf*  enreor  ns  n  fighter  nilot.  The  stiidv  provided  verw  good  ovidcnco  of  tlio  potentinl  vnliie 
of  eohoeurdioKrnphy  nnd  the  niithors  stiongly  Slipporteii  the  USAF  view  thnt  this  teohniono  should  bo  used  in 
the  SEloQtion  arid  monitoring  of  fighter  pilots.  Dr  Ille  nnd  his  eoilengnos  are  to  continue  n  Iniigitudinnl  study 
of  those  pilots.  The  results  of  the  eontinuntion  of  these  eehoenrdiopraphic  studies  will  he  of  grent  interest  to 
the  iieroinedienl  eom.iwnity.  In  the  siib.set|iicnt  discussion  of  the  vnliie  of  echoonrdiogrnphy  longitudinnl  studies 
of  pilots  exposed  to  high  levels  of  +n7.  ncecleration  Holonel  Hiokninn  nrivoonted  that  thp  AnATtn  Aerosnnoo 
ModienI  Pnnol  should  ini  Lin  te  an  extensive  study  of  this  subject  involving  the  NATO  nir  forees  so  thnt  a  large 
|)O0l  of  information  on  the  possible  cardiac  effects  of  repeated  exposures  to  +<’ig  enn  be  colleetod  in  a 
.syslemntie  nnd  oontrollcd  manner. 

Tito  ineiocnoe  of  enrdine  arrhythmias  as  recorded  by  eleetroearriiogrnphv  during  exposure  to  tOz 
noo, 'Icralioit  was  reported  in  n  pnper  (No  114)  from  the  French  Aerospace  Medionl  T.nbor.ntorv  at  llretigny.  Dr 
(’lore  nnd  his  colleagues  had  examined  three  hundred  and  twenty-eight  FOOs  recorded  from  one  hundred  and 
forty-six  siihjeets  before,  during  and  after  exposure  to  plnteaii  (G/.  ncecleration  lasting  20-60  seconds  at  levels 
from  4  to  11  C.  They  were  pnrtieulary  interested  in  the  incidence  and  nature  of  arrhythmias  during  the 
rocevery  phnse  after  the  exposure  to  +n7.>  drawing  similaritic.s  between  the  state  of  the  cardiovascular  system 
in  this  situation  with  tliat  on  the  cessation  of  physical  exercise.  The  authors  found  a  high  Ineiricnoe  of 
arrhythmias  (691',  of  traces),  virtually  all  of  which  (94%)  were  supravontriculnr.  The  majority  of  the  latter 
wore  sinus  arrhythmia  or  sinus  bradycardia  which  occurred  during  the  recovery  phase.  None  of  the  I’rr, 
clianges  was  associated  witli  any  change  in  the  vi.sual  fields  or  level  of  conseiousnoss  of  the  subjects  and  the 
occurrences  of  symptoms  or  signs  of  inadequate  cerebral  perfusion  under  +07.  wore  not  related  lo  abnormalities 
in  the  KGO.  9’hese  authors  did  not  see  and  did  not  discuss  the  occurrence  of  vasovagal  syncope  on  cxpo.sure 
to  prolonged  +Gz.  They  concluded  that  the  occurrence  of  arrhythmias  was  of  no  value  in  predicting  an 
individual's  toleranoe  of  sustained  +G7.  aeceleration. 

A  very  interesting  study  in  which  the  RCG  was  recorded  in  flight  on  a  total  of  thirtv-one  pilots  was 
reported  by  Med  en  Chef  Seigneurje  nnd  Med  en  Chef  Leguay  (P.ipcr  No  33).  Those  .authors  employed  the 
standard  clinical  Holler  method  to  record  continuous  F.CGs  over  a  24  hour  period  from  seven  pilots  operating 
Mirage  2000  aircraft  (total  10  flight  hours)  and  a  group  of  *wcntv-four  pilots  flying  Mirage  3  and  PI  aircraft 
(total  39  flight  hours).  Average  peak  +07.  acceleration  in  the  Mirage  2000  was  6.6  G  (maximum  8.5  G)  and 
4.7  G  (maximum  6.5  G)  In  the  flights  in  the  Mirage  3  and  FI.  Very  few  aimormal  beats  were  seen  in  the 
KCGs  of  either  group.  The  striking  finding  was  the  relatively  !(5W  heart  rates  recorded  during  +07  in  flight 
(85-150  beats  per  min)  as  compared  with  similar  exposures  in  the  human  centrifuge.  Even  the  exposure  to  a 
peak  aeceleration  of  8.5  G  in  the  Mirage  2000  only  raised  the  heart  rate  to  105  beats  per  min.  The  average 

and  maximum  heart  rates  were  considerably  lower  in  the  Mirage  2000  pilots  than  in  those  operating  the 
Mirage  3/Fl  who  were  younger  and  who  had  had  considerably  less  flight  experience. 

Session  IV  -  Medical  Selection  ;  Vision  Aspects 

The  importance  of  a  high  standard  of  vision  in  the  figlitor  pilot  to  enable  him  to  detect,  identify  nnd 
attack  targets  in  adverse  as  well  as  favourable  environmental  conditions  nnd  to  use  oemplex  optical  nnd 
eloctro-optieal  devices  was  clearly  stated  in  the  pre.se  ■•■itlons  on  the  future  fighter  .aircraft.  The  session 
devoted  speolfioally  to  the  vision  aspects  of  medical  selection  comprised  five  papers.  One  of  these  examined 

all  aspects  of  vision  and  proposed  entry  standards  for  future  fighter  aircrew,  whilst  the  other  four  addressed 

specific  areas  of  importance  -  colour  Vision  and  dynamic  acuity. 

The  opening  paper  of  the  session  (No  35)  by  Tlr  Brennan  comprised  a  oomprehen.sivc  and  wc)l  argued 

view  of  the  visual  standards  which  should  be  set  for  pilots  (and  n.ivigalor.s)  who  are  to  operate  fighter 
aircraft.  The  emphasi.s  in  this  paper  wa.s  on  the  corvcntional  methods  of  assessment  of  visual  nerformanec. 

Pointers  to  areas  where  now  techniques  of  measurement  may  be  of  value  were,  however,  also  con.sidrred.  Tlr 
Brennan  presented  the  very  strong  ease  for  imposing  high  entry  standards  so  as  to  reduce  to  a  minimum  the 
proportion  of  aircrew  under  the  age  of  45  years  who  have  to  v;ear  corrective  lenses  in  flight.  It  can  be 

argued  that  in  an  ideal  world  the  standards  should  be  such  that  .lo  aircrew  less  than  45  yean  old, 

particularly  tho.se  operating  fighter  aircraft,  should  require  vi.sual  correction.  Many  nir  forces  faced  with 
shortages  of  suitable  ean(lidntes  for  flying  training  have  not,  however,  insisted  on  thc.se  high  standards. 

Although  over  the  last  10-15  years  contact  lenses  have  been  advocated  as  the  ideal  means  rf  correcting 
visual  deficiencies  in  aviators,  trials  conducted  in  the  Royal  Air  Force  have  shewn  that  this  is  not  so  in  the 
military  environment.  Dr  Brennan  proposed  that  candidates  with  any  degree  of  myopia  at  all  should  not  be 
selected  for  training  to  fly  future  fighter  aircraft.  Colonel  Price  referred  to  a  study  con(JUct“ri  in  the  United 

States  Army  vjhioli  confirmed  that  rejecting  all  candidates  with  any  degree  of  myopia  would  reduce  the 

nronortinn  requiring  visual  eorreetion  for  the  flight  task  to  about  1%.  In  the  area  of  specialised  examination 

techniques  Dr  Brennan  advocated  the  mea.suremcnt  of  stercopris  and  Improvements  in  the  methods  of  testing 
colour  vision  and  of  determining  the  ability  of  candidatcr  to  detect  tow  contrast  targets.  .Although  tlie  author 
was  not  strongly  in  favour  of  the  measurement  of  contrast  sensitivity  using  sine  wave  gratings,  other  memherr, 
of  the  symposium  were  of  the  opinion  that  this  technique  has  considerable  promise.  Ttic  o.iteome  of  the 

assessments  of  this  method  now  being  conducted  by  the  Canadian  Forces  (Paper  No  29)  and  the  United  States 
Air  Force  are  awaited  with  great  interest. 

Colour  vision  has  always  been  recognised  a.s  of  importance  to  the  aviator.  The  development  of  coloured 
cathode  ray  tube  (CRT)  displays  (or  use  in  aircraft  led  Medir.lii  en  Chef  Santucci  and  his  colleagues  to 

investigate  improvements  in  the  methods  of  determining  colour  vision.  Thi.s  group,  v/orking  at  the  French 

Centre  for  Aerospace  Medical  Research  (CERMA)  in  Paris,  reported  in  their  paper  (Mo  36)  the  mea.suremcnt 

of  colour  contrast  sensitivity.  They  employed  a  cnlcurcd  CRT  to  display  contrast  grr tings  in  red,  green  and 
blue.  Gratings  were  displayed  to  the  subject  for  2  second  periods  at  six  spatiM  frequencies  and  the  subject 
vias  required  solely  to  indicate  whether  or  not  he  saw  the  gretlng.  The  complete  measurement  (six  spatial 
frequencies  hi  three  colours)  could  bt  coaipicted  for  one  eye  in  15  minutes.  Myopis,  as  miget  be  expected, 
reduced  the  contrast  sensitivity  for  the  colour  blue  at  the  higher  frequencies  and  this,  attenuation  wm- 

r.bollsiied  by  correcting  the  myopia.  The  CERMA  group  are  continuing  this  study  to  deierm.lne  the  limits  of 

rirrmallt.y  and  the  vtluv  of  the  technique  as  a  selection  tool.  It  is  likely  that  such  a  test,  particularly  if  the 
lime  Lire  subject  take!,  to  r£.sp.ynd  to  the  visual  presentation  Is  also  measured,  has  considerahle  relevance  to 
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Ihfc  viruQl  the  pilot  of  ft  future  Rircraft. 

Static  ^ejJts  of  vision,  which  Is  essentially  a  dyanmic  process,  have  significRnt  limitations*  Dr  Wolfe  and 
hht  oal'osgues  at  the  TJSaF  School  of  Aerospace  Medicine  reported  (Paper  No  37)  the  use  of  three  tests  of 

vho  jhl'.ity  of  individuals  to  aoa  ire  and  track  targets-  These  tests  aim  to  measure  quantitatively  oeniomotor- 

Y/'Stjtuiar  function  os  revealed  by  olcutr»‘''OCu!ograpSiic  i'ecordings  of  eye  movements  duiirifc  the  tracking  of  a 
moving  targv*ty  and  during  sinur*  itlal  movements  of  the  body  (imposed  by  a  turntable  on  vdilch  the  suhlect  is 
LCtttcd)  cno  by  recordings  of  5>icoat]jc  eye  movements  uy  an  ir^fra-red  rcfleotanv^e  technique  during  tracking  of 
c.  target  movuty  in  d'ocr-ete  iun.p.,  'fhe  auiliorr.  ooneluded  thpt  it  is  now  possible  to  describe  quantitatively 
both  the  visual  and  vestibular  control  of  oculomotor  fu/tciion.  There  is  no  doubt  that  such  tests  are  of  value 
in  monitf.ring  in  tlK  jndivK  lOl  the  effects,  pjr  example,  of  repeated  expo.surcs  to  high  +07  uf^n  vostibulnr 
./lui'.ction-  Tiicir  place  in  selection  is  more  problcmatjriai  ns  there  have  been  forma'  studies  relating 
poformance  ft  target  delovi-tiop  nnd  IrnckJn/?  in  flight  to  theft?  .‘neasurements  of  oculomotor  function. 

An  impressive  attempt  tu  c.'btaiu  correlation?  bttwocu  laboratory  tests  of  visual  performance  and 

the  a;r-to*a»r  target  performtince  of  aircrew  In  fligiit  is  baing  cixiductcd  by  the  Naval  Acfospace  Medical 

Laboraiory  at  korisvoola.  Cofm^ondf.'  Monaco  pres^'nted  two  papers  \So  38  and  S9)  de-eribing  this  programme. 
A.  battapy  of  vision  tes\«  which  taeasure  central  spot  detection,  central  acuity  at  high  and  low  contrast  with 
end  without  gh.rCi  speed  of  iiccofraaodetion  (for  to  nca,'*)  /md  rieti*ction  of  laternl  movement  of  a  target  were 
used.  Mean  stimulus  .thresholo  together  with,  in  some  tests,  the  mean  threshold-stressed  response  time  (the 
response  lima  to  a  target  wlncli  the  subject  r  luld  "^ust  see''  correctly)  »vetc  determined.  A  sophisticated 

•computorlsed  telemrlry  syst-rTn  at  the  Tactical  Air  Comfcal  IValnirg  System  range  provided  extensive  data  on 
the  flight  and  engineering  '‘luxus  of  obscf/O'*  end  target  aircr/ift  eiuring  prnctice  Air  Tombot  Manoeuvres 
The  >:Uth.')r.s  employed  J;hc  dirc/'t  distance  between  the  two  aircraft  at  the  instant  at  which  the  pilot 
intially  delected  the  target  ajrcr/r't  (slant  range)  as  the  measure  cf  his  air-to-air  target  pcpfopmancc.  One 

study  investigated  0»o  pcrfo.Tua.ice  of  ninety-one  pilots  f.-i  rfnrming  ATM  hi  P-S,  A-4  and  ?-14  aircraft.  It  was 

found,  as  wouhl  be  axpected,  that  envKoniT.enta1  and  aircraft  conditions  such  sun  position,  clotid,  speed  and 

'  direction  of  fllghl,  and  trrgct  aize  had  a  greater  effect  on  alDot  range  than  the  standard  of  vision  of  the 

individual  pilot.  Si^lficcM  ixiv^live  correlations  W'erc,  however,  established  hctvrecn  slant  range  performance 
and  the  vI>'or!  tebts,  par'iculr  ly  tlio  Ihrt-xhold  stressed  re>}x>nsc  times  ohlalnod  from  tests  of  acuity  at  low 
and  high  contrast,  und  w»th  glare.  I’hia  study  and  liiat  roporleri  jn  the  subsequent  paper  (No  39)  showed  that 
'  in  general,  time  to  rasr'>nd  to  a  t’iPget  which  .he  could  just  rce  (thpcRhold-stressfid  rci.oonse  time)  was  ft 

predictor  of  visur’.?  ncrfor.T.ancc  in  the  air  t^iont  r,*ingt)  then  the  Rtimuius  threshold.  The  nutliors 
advccntftd  fjrthcr  invcst;:?e''i'>n  of  tVe  v^UlO  of  tN*  tospunsc  time  to  a  targ/’t  just  above  the  threshold  in 
predicting  visual  peformA'.cft  ir  /light.  Ihenc  paperi;  ff?rn  the  Navid  Aerospoco  Medical  Hr-senreh  T.«bor«tory 
‘.well  illustrate  the  groat  difficulties  wMeii  5urr.ound  oj^seasmeni  of  visuai  performancD  In  flight.  'ITierc  j.s  no 
doubt,  nov/ftver,  that  such  vaIid«j(ion  of  V'st.s  <.f  visufil  pcrforir.^nce  must  tc  conducted  If  improvements  are  to 
(jc  mafic  in  the  sfiJ<*ction  anO  mont'^ring  o.'  this  important  determinant  of  pilot  pcrforniuncG. 

Session  V  -  Medieal  Selection  ;  Oio  Column  ' 

■  F'jpcricncc  with  the  r-lfi  .'■.nd  otVer  clrcrtft  such  as  the  HAT  Mawi-.  hc.s  cmph?r.i‘ie'  tlw  effects  of  high 

H'-'A  upon  the  ncci<  muscles  i/n':  the  cerv.oa)  sfinc.  Two  oepers  (No  10  nnd  11)  vrere  \  resented  on  medical 
selection  and  rnonltorinp'  procedures  r;*i.'lod  to  ^he  soinol  column.  Only  a  limited  number  of  the  NATO  afr 
forces  at  profwnt  carry  out  routine  i'a'n*»gpaphy  the  spine  in  the  irnlial  msoical  .sclcctlc  i  of  oircrev.',  The 

French  Air  Force  docs,  howevei .  pcpforrr  radk/graphy  o"  *Jm  complete  spine  (t  ight  radio. ?raphs)  to  exclude 
tumours  ck*  and  ecrlam  congenital  and  acquired  dcfectr.  of  tiK  spine,  ‘Die  paper  from  the  French  Air  Force 

(No  10)  reviewed  their  prooent  standards  and  co.icludsd  that  nc  oliangc  in  iuom  was  required.  The  other  paper 
(No  11)  in  thjf  session  reviewed  the  einx^rienrc  o>  the  Foyai  Nethnrbnds  Air  Force  which  Inirixluced  spinal 
radiography  in  \9Si2<,  Major  van  Dalco  emphasised  the  value  o'  image  intensification  in  this  screening  ppoocci? 
«s  it  rnducGs  the  radiiifion  exposure  lo  the  c/ind»date  to  10%  to  of  that  produced  by  consentional 

radiography.  Of  two  hundred  and  iWt'Oiv-fJvo  candidate  5tudcnt  pilcits  ^xoininc  1  f-‘j'noo  5987,  tVio  Rcynl 

NclhorlAuds  Air  Forc«  has  reJecCsd  2V.%  for  ;jpinnl,  mainly  vertebral  o?tcochondrit«s  «nd  si/ondyloly.sis/iysthcsis, 

visuaiised  by  radiography.  Over  the  same  period  Imlf  of  om.  hundred  and  nlnoty-cix  qunlif'cd  fighter  pilots 
were  found  to  have  spina!  disorders  on  radiograpny:  HCl't  of  lhe‘  '  disorders  SfCre  in  the  cervical  spine; 

eighteen  pilots  lied  cervical  disc  discfse  ivith  osteophytes.  A  verj'  pragmatic  appror'^b  was  fipplicd  to  those 
findings  in  qualified  fnihter  nnot.u  Only  four  pl'lofs  were  rojeeted  fo»  flv'Uff  in  the  I'-j  fi  *•  all  of  these  had 
ce^vic'l  dj.se  dinoa.se  with  o.steophytcs  find  n  furih^r  throe  rseelved  a  fJ  rcuricllon.  Al,  thCfO  pilots  r-m  to  be 
cxtiminod  rodi ob.;gic*.aily  once  a  yea;-  The  major  concern  h  that  cervical  disc  disease  and,  more  'mportantly, 

ostcophytcR  may  romproso  or  damage  P'C  spina)  corti  In  ,ho  corvicRl  vertebral  cnnal.  Thj.s  Is  obviously  an  pjca 
•of  considcruble  concern,  although  the  vo*’roct  selection  oriterla  have  yet  to  bo  rst-ddished.  The  importance  of 
the  strength  of  the  .spinal  muscles  and  tj.sjwcielly  those  of  thr.  neck  i-a  the  prevention  of  Injury  to  the  spine 
rwas  emphasised  by  the  speakers. 

Session  Vf  -  Medical  Sclodion  and  Traminty  t  Vbysicftl  Fitness 

The  relationship  between  phydea)  fitness  and  performance  of  the  flight  task  hi  military  aircraft  hr$ 
been  fi  inaUer  of  d^-bft'e  for  many  years.  TTie  advent  of  alrcralr  such  os  the  l’-dc>  jn  which  the  pilot  Is 
rcpdfttedly  exposed  to  suytalned  high  40/.  with  the  attendant  need  to  moinlfin  fiosturc,  to  tensi,  musclen  to 
support  the  cardiovascular  system  and  to  perform  respiratory  strainlnf  monocuvics  has  rrkin  Med  interest  in  thi.s 
'•clationship.  Well  desiftned  studies  conducted  ot  the  USAF  School  of  Aoroj/pacc  Medicine  and  confirmed  by 
^^xpcrimcnis  corrhui  out  at  the  Karolinska  Institute  have  ahoy/D  that  gain?  {n  muscle  strength  and  endurance 
produced  by  moderate  resi.vtanee  training  inernasor.  toleinnee  of  h  standard  Ai**  r’orubht  Manoeuvre  (AT’M), 
wldlst  ocroLdc  tf^alning  dony  not.  This  sts.<‘,on  cf  the  sjAnoo.siim.  contaKicd  two  papers  which  addres-Si^d  the 
value  of  physical  training.  McUlcin  en  Cliof  Poyot  and  hla  colleagues  roprjrted  (Paper  No  47)  a  j;tudy  in 
which  tiie  G  tolerance  of  a  group  of  nine  Mirage  T«lpn  pilots  v/as  determined  on  n  human  centrifuge  before 
LHd  niter  a  MX  month  programme  of  resistance  exercise.,  llimb  and  t^.nk  mOfieJc?)  conihinro  with  Tnodcreic 
ex^rci*'*?.  The  iru  ar  acceleration  tolnranee  ns  determined  by  *he  ViOH  tcctminue  (0.)  O  j>cr  ftceond)  wliich  v/as 
airctidv  h;gi;  (8.7  G)  ws.s  lricrci.';cd  by  1.33  G  following  the  r.ix  irior. th  p(i-fiod  of  r>hy?lcnl  trainiaT,  'Hie  nuihorii 
pointed  Old  tiiat,  in  the  of  famlliarlsution  n;n:s  on  the  centriftige  and  a  eorfr^l  gpoup,  it  was 

uncertain  vdether  (he  improved  toiernneo  could  be  a.wrlbod  to  the  physicc)  knining  progi’ammc,  Thla  sbidy  ih 
to  be  rrpeolcd  pnd  extended. 


An  ambitious  attempt  to  relate  performance  in  flight  and  at  flight  related  tasks  to  eardiovasoiilar 
fitness  was  presented  by  liieutenant  Commander  Ranta  and  Hr  Cirissett  (Paper  No  44).  The  authors  sought,  in 
throe  studies  using  groups  of  student  and  qualified  aircrew,  oorrelatlons  between  a  number  of  measures  of 

cardiovascular  function  during  maximal  exercise  on  a  treadmill  and  fuseeptibillty  to  motion  sickness,  laboratory 
measures  of  vision  and  the  heart  rate  during  Air  Combat  Manoeuvres  (ACM)  in  flight.  Maximum  oxygen 

consumption  measured  using  the  Bruce  protocol  showed  both  the  student  and  the  qualified  aircrew  to  have  a 

high  aerobic  capacity.  An  inverse  relationship  was  found  between  aerobic  capacity  and  susceptibility  to  motion 
sickness  indu"ed  by  body  rotation  combined  with  head  mo  •  cment.  The  autliora  suggested  that  this  relationship 
v;ns  probably  due  <o  conditioning  to  the  motion  associated  with  physical  t'alning.  Dynamic  visual  activity  was 
also  found  to  correlate  with  aerobic  capacity.  There  was  also  an  inverse  relationship  between  the  heart  rate 
at  a  given  phase  of  Bight  and  acrohle  capacity.  Although  significant  eorrolatlons  were  found  In  these  studies 
it  has  yet  to  be  demonstrated  that  an  Increase  In  physical  fitness  will  produce  an  improvement  in  the 

performance  of  pilots  in  Bight.  A  earofully  designed  longitudinal  study  with  appropriate  controls  is  required  to 
detenni'  ■  tlic  value  ef  physical  training  .ind  fitness  in  tliis  context. 

Sess'on  'dll  -  Physiologioal  Training 

Aircrew  must  have  a  general  understanding  of  the  physiological  effects  of  the  stresses  to  which  they 
may  be  exposed  In  Bight  and  they  must  he  taught  how  their  abiilty  to  perform  their  Bight  tasks,  both  In 
normal  and  emergency  situations,  can  be  affected  by  these  effects.  Thus  all  NATO  air  forces  have  training 

schemes  whereby  aircrew  are  taught  the  relevant  aspents  of  aviation  physiology  and  psychology  and  given 

practical  experience  of  the  effects  ef  the  major  aviation  stresses.  Although  instruction  In  the  tv;o  subjects 
nay  bo  separnted,  in  practice,  training  in  the  purpose,  mode  of  operation  and  use  of  life  support,  escape  and 
survival  equipment  is  closely  related  to  physiological  training.  In  some  air  forces  the  tuition  of  aircrew  In 

aviation  physiology  nn.d  psychology  Is  conducted  together  with  the  issue,  fit  and  instruction  in  the  use  of  life 

support  equipment.  Tiie  advantages  of  this  approach  are  considerable. 

Three  of  the  papers  presented  in  this  session  of  the  symposium  (No  45,  46  and  49)  deneribad  in  some 
detail  the  philosophies,  practice  and  experience  of  the  aviation  medicine  training  of  aircrew  In  the  Boynl  Air 
Force.  Particular  iestures  of  the  training  conducted  by  the  RAF  is  tiint  it  integrates  together  tuition  in 
aviation  physiology  and  psychology,  life  support  equipment  .and  aircrew  NBfl  protective  equipment  and 

procedures,  that  it  Is  centralised  at  one  major  training  centre,  that  the  training  Is  aircraft  type/role  sr<eelflc 
and  that  it  is  integrated  Into  the  flying  career  of  the  individual  aircrew.  Tills  group  of  papers  also 

emphasised  that  to  be  successful  an  aviation  medicine  programme  must  be  dynnmic,  the  tuition  being  modified 
to  match  the  operational  needs  of  the  air  force.  Tlic  development  and  iiitrcduetion  of  improved  methods  of 

instructing  aircrew  in  orientatmn  and  disorientation  In  Bight  described  in  paper  No  45  well  illustrates  this 

important  aspect  of  modern  aviation  medicine  training.  Another  example  is  evolution  of  training  In  use  of 
aircrew  KBC  protective  equipment  and  procedures  in  the  RAF  which  was  'well  presented  in  the  paper  (No  49) 
by  Dr  Macmillan. 

The  principle  that  physiological  and  aviation  medicine  training  procedures  should  present  minimal  hsrard 
to  the  aircrew  being  trained  and  to  the  trairers  was  the  bnsis  of  the  paixer  (No  47)  on  the  use  of  hypnharje 
chEmbers  by  Commnndcr  Herron  of  the  Naval  Acrospaoe  Medical  Institute,  Pensacola.  lie  was  concerned  with 
the  occurrence  of  dccomprcjslou  sickness  in  h/Oth  trainees  and  trainers  associated  with  exposure  to  reduced 
environmental  pressure  in  hypobarle  chambers.  Tlie  Ineldonces  of  decompression  sickness  reported  In  some 

59,000  individual  exposures  over  the  period  1981-34  were  0.066%  of  student  cxpo.surc5  and  0.280%  of  inside 
observer  exposures.  Commander  Herron  suggested  that  this  Incidence  of  decompression  sickness  should  lead  to 
the  abandonment  of  hypobarie  chamber  training  for  aircrew.  He  advocated  the  administration  of  7.4%  oxygen 
in  nitrogen  at  ground  level  as  an  alternative  means  of  providing  students  with  personal  experience  of  hypoxia. 
Several  speakers  expressed  surprise  at  the  high  incidence  of  decompression  sickness  during  hypobarie  ciiamber 

training  reported  by  this  author.  The  incidence  of  slgnlfleant  dccomprcssloi  sickness  during  hypobarie  chamber 

training  conducted  by  many  other  air  forces  Is  much  lower  than  that  reported  In  this  paper.  Dlseusslon 
suggested  that  a  significant  proportion  of  the  incidents  might  well  not  be  decompression  sickness. 
Unfor'iuniitcly,  the  author  was  unable  to  give  an  analysis  of  the  forms  of  decompression  sickness  which  made 
up  the  reported  incidents.  Personal  experience  of  hypoxia  can  be  given  satisfactorily  at  ground  level  by  the 
administration  of  a  gas  mixture  eonlaliiing  a  low  concentration  of  oxygen.  However,  production  of  hypoxlii  by 
breathing  air  at  reduced  environmental  pressure  which  more  closely  simulates  the  situation  for  which  hypoxia 
trianing  'a  provided,  together  with  experlencr  of  the  effects  nf  exposure  1*5  low  pressure  and  tuition  in 
procedures  yiich  as  the  Frcnxcl  and  Vnlnnlva  manoeuvre',,  leads  to  the  conclusion  that  liypobaric  chamber 
tfiiinlng  should  not  be  abandoned.  It  may  be  an  appropriate  time  to  carry  out  a  survey  of  the  Incidence  of 

decompression  sickness  (Including  symptoms  nnd  signs  exhibited  by  each  individual  case)  In  hypobarie  chamber 
(raining.  Views  on  the  value  and  ncccptablllty  of  pre-oxygenation  of  inside  chamber  attendants  eryUld  also  be 
obtained. 

The  remaining  paper  in  this  session  (No  48)  dealt  with  one  of  the  most  recent  nnd  important 
innovations  in  the  physiological  training  of  aircrew  -  the  ii.sc  of  the  human  centrifuge  to  train  fighter  aircrew 
in  the  pioteetive  manoeuvres  to  be  used  to  enhance  their  tolerance  of  sustained  tOz  nccclrrntion.  The 
approach  and  training  techniques  pioneered  by  the  DRAF  School  of  Aerospace  Medicine  liad  been  adopted, 
v;lth  minni  changes,  by  the  Dutch  authors,  rolonel  van  den  Blggeiaar  de.scribed  the  human  centrifuge  facllitv 

at  Socsterberg  and  the  training  procedures  employed  for  RNI.AF  and  USAFF  pilots  operating  F-1S  end  1-16 

aircraft  (the.ic  techniques  are  also  descrItM’d  In  AOARD  Conference  Proceedings  377,  1985).  The  paper  reported 
the  results  of  the  high  O  centrifuge  training  provided  to  forty-six  F-15  and  one  hundred  and  twentv  F-ir, 
pilots  during  th,7  r>crlod  1  April  1984  to  1  April  1985.  It  was  found  that  on  the  first  or.nlrlfuge  run  70%  of 

these  pilots  did  not  carry  out  the  .straining  manoeuvre  correctly.  Only  nine  of  the  pilots  failed  to  achieve  tlic 

goals  .set  for  the  training  programmesi  the  majority  because  of  motion  sickness  induced  by  the  relatively  short 
arm,  of  the  centrifuge.  There  Is  little  doubt  that  the  use  of  the  human  centrifuge  as  a  training  aid  combined 
with  appropriate  cla.s.srcn7nr  )n.4lruetlori  can  significantly  entiniice  Hie  abillly  of  pilots  (o  wiilislaiid  Hie  rapid 
onset,  high  sustained  rOz  accelerations  which  are  a  feature  of  combat  m-unoeuvres  In  the  F-15  and  F-16  and 
will  be  of  any  future  fighter  aircraft.  A.s  described  in  General  DeHart's  paiier  (No  30),  the  United  States  Air 
Force  has  decided  to  carry  out  centrifuge  troining  of  all  pilots  on  entry  to  fighter  pilot  training.  Questions 
are  now  being  raised  as  tn  the.  frequency  v/ith  wlilch  centrifuge  trelnlng  should  he  repented.  F.xpcrlcncc  of 
the  retention  by  the  whole  rnpnintion  of  other  Information  Imparted  by  praoticnl  procedures  in  physiologioal 
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trBjiilng  would  suggest  that  refresher  training  in  the  human  centrifuge  should  be  repeated  once  every  2-3 
years.  Hie  advent  of  future  tighter  aircraft  with  the  performnncc  discussed  In  the  opening  session  of  this 
symposium  could  well  require  the  provision  of  centrifuge  training  for  fighter  pilots  In  a  way  analogous  to  the 
Introduction  of  hypobarie  eliambcr  training  some  50  years  ago. 

Conclusion  and  Recommendations 

Tile  symposium  identified  the  major  features  of  the  fighter  aircraft  to  be  Inlrodiierd  into  service  during 
the  1990s  which  will  impact  on  the  medical  selection  of,  and  physiological  training  to  be  given  to,  the  pilots 
who  are  to  operate  these  aircraft.  Tliese  features  include  all  weather,  night  and  day  capability,  extreme 
mnnocuvrcablllty  with  rapid  onset,  high  sustained  *07,  neecleratlon  (and  perhaps  ±Cy),  potential  for  increased 
'uorkload  alleviated  by  extensive  automation  of  aircraft  and  weapons  systemr,  use  of  helmet  mounted  sights, 
displays  and  vision  enhancement  devices,  use  of  colour  in  cockpit  displays,  and  the  need  for  protection  against 
chemical  warfare  agents  and  nuclear  flash  blindness.  In  parallel  with  the  development  and  Introduction  of 
medical  standards  and  methods  of  assessment  which  will  ensure  that  pilots  with  the  appropriate  capabilities 
will  be  selected,  there  is  an  inorcasing  awareness  of  the  need  to  exclude  those  individuals  who  have  a 
significant  likelihood  of  sudden  incapacitation  due,  for  example,  to  a  cardiac  infarction.  There  Is  also  the  need 
for  medical  monlloring  of  pilots  operating  high  performance  fighters  such  as  the  F-15,  FTP  and  Mirage  2000 
as  well  as  future  fighter  aircraft  In  order  to  ensure  that  the  stresses  to  which  they  are  exposed  in  flight  do 
not  produce  disease  or  aggravate  existing  diseases. 

It  la  most  important  that  the  assessment  procedures  and  standard.s  employed  In  the  medical  selection  and 
monitoring  processes  are  well  validated.  Error  in  the  Initial  medical  selection  process  may  well  eliminate 
individuals  who  are  in  fact  fit  to  become  fighter  pilots,  e  situation  which  many  air  forces  can  ill  afford. 

Alternatively,  poor  soleotlon  procedures  and  standards  may  well  allow  the  entry  and  retention  of  aircrew  who 
are  not  fully  fit  to  perform  in  the  high  stress  environment  associated  with  modern  and  future  fighter  aircraft. 
The  symposium  included  several  exnmples  of  the  difficulties  of  validating  medical  selection  and  asscssnvnt 
procedures,  not  least  of  whieh  is  the  quantification  of  the  Individual  pilot's  performance  in  flight.  Tire  use  of 
the  facilities  of  modern  Af'*'  training  ranges,  such  as  those  of  the  USN  and  USAF,  in  measuring  performance 
of  the  fighter  pilot's  ta:  the  validallcn  of  medical  assessment  procedures  should.  It  is  suggested,  be 

extended.  The  value  of  assessment  of  clinical  conditions  in  aircrew  together  with  meticulous  follow  up 

and  doeumontrt'an  '  reference  Is  very  well  illustrated  by  the  v/ork  of  the  fTInicnl  Sciences  Division 

of  the  US/  ■'  .rospaee  Medicine.  This  group  have  an  unrivalled  bank  of  data  on  which  to  base 

advice  an  .n  respec  to  the  acceptability  or  otherwise  of  a  large  range  of  disca.scs  In  the 

aircrew  popu,...  .,ic  example  s  i  by  the  USAF  School  of  Acrosoace  Medicine  should  be  emulated  by  the 
medical  organisations  of  other  NATO  air  forces. 

The  high  r,  environment  to  which  pilots  of  present  and  future  fighter  aircraft  will  be  expo,scd  Is  one  of 
the  tv/o  major  factors  Influencing  medical  sclccllon  procedures.  This  feature  of  the  aircraft  demands  special 
attention  to  the  cardiovascular  and  miisoulo-skclctal  systems.  The  medical  soleotlon  and  monitoring  procedures 

related  to  reducing  the  risk  of  coronary  artery  disease  to  a  minimum  must  be  applied  vigorously  to  the  pilots 
operating  figliter  aircraft.  In  addition,  special  procedures  are  required  to  eliminate  cardiovascular  conditions 
which  may  impair  the  ability  of  the  pilot  to  perform  well  In  a  high  ri  environment  and  those  which  may  he 
aggravated  hy  repeated  exposure  to  high  Cl.  'TT:erc  is  no  doubt  that  echocardiography  has  a  vital  part  to  play 
In  both  the  routine  selection  and  monitoring  of  fighter  pilots.  Evidence  is  aceumulatir^  that  stress  testing  on 
a  treadmill  and  Kolter  monitoring  of  the  F.CO  have  little  or  no  place  In  these  processes.  Well  controlled 

longitudinal  studies  of  fighter  pilots  using  modern,  non  invanive  techniques,  particularly  echocardiography,  should 
he  estnhilshcd  wherever  they  arc  required  to  operate  at  high  O  levels  In  order  to  determine  whether  this 

environment  has  a  deleterious  effect  upon  the  cardiovascular  system,  especially  the  right  ventricle.  It  is 
suggested  that  the  NATO  air  forces  should  establish  collaborative  studies  in  this  area. 

The  high  G  environment  places  considerable  stress  upon  the  spinal  column,  particularly  the  cervical 
spine.  The  load',  placed  upon  the  necks  of  the  pilots  of  future  figlTcr  aircraft  will  also  be  increased  by  the 
sights  and  displays  and  vision  enhancement  devices  such  as  night  vision  goggle.s  which  will  be  mounted  on  the 
aircrew  helmet.  Whilst  clinical  examination  provldt.s  an  adequate  assessment  of  the  range  of  movement  of  the 
spine  and  the  strength  of  the  associated  muscle  grou|K,  significant  pnthology  may  be  present  in  the  bones  and 
intervertebral  di.scs  In  the  absence  of  symptoms  and  signs.  Concern  with  the  risks  of  high  O  ex|<osures 
aggravating  bona  and  disc  disease  whieh  is  already  present  and  the  possibility,  albeit  remote,  of  damage  to 

the  spinal  cord  is  leading  to  tlic  use  of  radiography  of  the  spine  In  medical  oeiection  and  monitoring  of 
figliter  pilots.  Considerable  furlhcr  work  Is  required  to  establish  validated  aeoeptanee  criteria  for  spinal 
radiograph.s.  Thus  at  present  the  Itoyal  Netherlands  Air  Force  Is  rejecting  20%  of  candidate  student  aircrew 

for  spinal  dl.scasc  visualised  by  rnoiography. 

The  pilots  of  present  and  future  fighter  aircraft  mist  have  a  very  high  standard  of  vision.  Indeed 

several  groups  of  Investigators  ore  attempting  to  develop  and  validate  tests  of  vision  which  will  allow  the 
selection  of  Individuals  with  above  overage  vision  In  the  context  of  fighter  operations,  The  tendency  which 
has  occurred  in  the  past  of  oocepting  Individuals  with  a  degree  of  myopia  which  results  In  the  need  for  them 
to  wear  correetive  lenses  (before  the  natural  process  of  ageing  requires  It  at  about  45  years)  should  cease, 
parlicularly  with  respect  to  fighter  pilots.  Now  Is  an  npproprlale  lime  to  raise  the  vision  standards  for  those 
destined  to  operate  future  fighter  aircraft.  .Although  further  validation  studies  are  required,  the  measurement 
of  contrast  thresholds  iiilug  sine  wave  gratings  promises  to  be  of  value  as  a  means  of  measuring  visual 
performance,  particularly  under  low  contrast  eondlllons.  Tl'cre  Is  a  very  strong  case  for  the  introduction  In 
the  Immediate  future  of  Improved  rrwthods  of  assessing  coioiir  vision.  A  technique  employing  a  coloured  CUT 
display  is  most  nttrnclivc.  In  the  longer  term,  mcasurcrneiit  of  dynamic  visual  acuity  should  probably  be 
employed  In  the  selection  of  fighter  pilots. 

A  recurrent  question  in  the  development  of  special  medical  selection  and  monitoring  procedures, 
especially  those  which  Involve  an  clmncnt  of  rl.sk  or  arc  exf/enslve,  la  whef,  tlmy  ■  bould  be  applied  in  the 
selection  process?  Factors  which  bear  heavily  on  the  answer  to  this  question  Include  the  size  of  the  air 
force,  the  acceptability  of  more  than  one  medlcnl  fitness  standard  for  aircrew  and  ethics.  Ttie  ethical  question 
relates  to  the  use  of  procedures  with  an  element  of  risk,  for  example  radiographic  examination  v/hich  expose 
the  individual  to  significant  radiation,  especially  when  the  individual  may  not  In  any  case  qualify  for,  or 


remain  engaged  in,  the  hazardous  situation  for  which  the  selection  procedure  Is  to  be  used.  Since  fighter 
pilots  must  have  a  high  standard  of  medical  fitness  there  are  very  considerable  advantages  in  a  dual  standard 
or  permanent  waiver  system  in  which  pilots  who  do  not  meet  the  very  higt,  standards  required  of  fighter 
pilots  can  remain  operating  other  military  aircraft  such  ns  bombers,  tankers,  transports  and  helicopters.  There 
arc  also  considerable  advantages  in  a  dual  traek  flying  training  system  in  which  the  specialised  and  expensive 
(and  perhaps  slightly  risky)  selection  procedures  are  only  applied  after  the  student  aircrew  member  has  been 
selected  for  training  us  a  fighter  pilot. 

There  is  no  doubt  that.  If  only  on  the  grounds  of  general  health,  aircrew  and  fighter  iiiiots  In 
particular  should  take  physical  exercise  to  maintain  a  reasonable  level  of  physical  fitness.  The  moderutely  high 
level  of  physical  work  which  is  involved  in  the  muscle  tensing  and  straining  manoeuvres  required  ,0  protect 
against  +Gr.  acceleration  will  produce  less  cardiorespiratory  stress  in  the  physically  fit  Individual.  ('  Is  now 
clear,  however,  that  intensive  aerobic  training  reduces  the  tolerance  of  high  sustelned  KTz.  It  is  also  apparent 
that  exercises  which  Increase  the  strength  of  the  limb  and  trunk  muscles  cnhapce  Cl  tole.’w'iec.  The  mwiclcs  of 
the  neck  should  also  be  strengthened  by  appropriate  exercises  to  reduce  the  risk  cf  rh.mage  to  the  cervical 
spine  by  exposure  to  +Gz.  There  Is  a  need,  therefore,  for  fighter  pilots  to  carry  oi'.t  specific  physical  training 
programmes.  This  approach  to  the  enhancement  of  physical  fitness  is  more  cost  effeeti  and  acceptable  than 
the  use  of  H  fneasurement  of  aerotiie  capacity  In  the  selection  of  candidate  pilots  and  fig.  ,er  oilots. 

The  physiological  training  of  aircrew  should  be  integrated  where  possible  with  fitting  them  with,  and 
training  them  In  the  use  of,  their  life  support  equipment.  The  major  areas  in  which  changes  are  required  in 
physiological  training  relate  to  protection  against  rapid  onset,  sustained  high  +07,  disorientation  and  the  use 
of  NBC  protective  equipment.  Extensive  instruction  In  G  protective  manoeuvres  will  be  required  for  the  pilots 
of  future  fighter  aircraft  as  Indeed  it  <s  already  required  for  those  operating  F-16  and  F-15  alreraft.  Training 
in  the  straining  manoeuvres  required  at  high  *CiZ  is  probably  best  given  using  a  human  centrifuge,  and  this 
form  of  training  should  be  introduced  for  pilots  operating  rapid  onset,  high  sustained  C,  aircraft.  Improved 
Icetmiqucs  for  teaching  aircrew  the  mechanisms  and  effect  of  disorientation,  such  as  those  employed  by  the 
Royal  Air  Force  and  those  being  introduced  by  the  United  States  Air  Force,  should  be  mandalorv  for  the 
training  of  the  pilots  of  future  fighter  aircraft.  Finally,  the  Issue,  fit  and  training  in  the  use  of  aircrew  NBr 
protective  assemblies  and  titc  associated  ground  operating  procedures  should  be  centralised  and  aircrew  should 
regularly  wear  the  NflC  a.ssemblie.s  on  the  ground  aiid  in  flight. 
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SUMMARY 

The  cockpit  environment  of  fighter  aircraft  for  the  year  2000  and  beyond  will 
undoubtedly  meld  aircraft  technologies  and  piotecLive  devices  to  moot  the  ever-growing 
enemy  challenge*  Recent  advances  in  aircraft  structures,  flight  controls,  sensors, 
multipurpose  and  touch-sensitive  displays,  voice  recognition  arid  synthesis,  enemy 
defenses,  and  chemioal/blologloal  warfare  (CBW)  technologies  will  combine  to  create  a 
cockpit  environment  for  tuture  fighter  aircraft  vastly  different  and  potentially  more 
complex  than  any  previously  encountered  by  our  aircrews.  This  integration  of  equipment 
and  crewmember  will  interact  such  that  new  stresBes  will  be  created  and  existing  ones 
aggravated.  For  example,  current  CRW  protective  garb  induces  significant  physiological 
strf-ss,  reduces  tactile  sensitivity,  and  restricts  vision.  Sensors,  while  providing 
more  siituational  awareness,  may  create  significant  additional  psychological  stress. 

Even  today,  tactical  fighters  are  capable  of  noie  ia[>id  +^7  onset  than  ever  before. 
Improved  structure,  reclined  seats  and  sids-stick  controllers  will  enal.le  both  the  pilot 
and  the  aircraft  to  withstand  increased  +(l7  and  moi  e  rapid  ■♦Gz  onset.  fpecial  maneuver 
capoVjility  through  the  \ise  of  direct,  side  force  may  provide  significant  tactical 
advantage  at  the  expense  of  stress  due  to  lateral  acceleration  forocs(±Gy).  This  paper 
will  identify  and  briefly  discuss  a  few  of  the  current  technologies  and  some  of  the 
driving  forces  which  will  affect  the  cockpit  environment  of  t  omor  row*  fi  aircraft.  These 
technologies,  as  well  as  others,  should  receive  further  study  for  their  effects  on  the 
aircrew  prior  to  application  in  future  f.’ghter  aircraft.  Piopcr  application  of  the 
results  of  these  studies  will  prevent  the  unbridled  growth  of  cockpit  complexity. 


FLIGHT  CONTROL 

The  technology  to  produce  direct  sideforcc  and  direct  lift  on  future  fighter  aircraft 
has  already  been  demonstrated.  These  forces,  although  not  new,  are  not  customary  for 
today's  pilot.  He  has  been  repeatedly  taught  thal  coordinated  flight  Is  estontlal  to 
smooth  control.  Only  in  unusual  flight  conditions,  such  as  rspins,  slips,  and  air  rombat 
maneuver 1 ng ,  does  the  pilot  intent Jonally  induce  uncoordinated  flight.  With  the  advent 
of  direct  sideforcc  and  direct  lift,  t  ho  pilot  can  now  have  the  (.affability  to  change  the 
flight  path  vectoi  without  a  comparable  attitude  change.  Problems  can  aiiFe,  however, 
since  the  pilot  is  not  permanently  affixed  to  the  interior  of  the  cockijft,  but  has 
sideward  motion  resulting  from  the  effects  of  gravity  along  the  transveran  axis.  Such 
body  motion  can  affect  both  stick  and  rudder  Inputs  to  some  degree,  nnd  therefore,  the 
pilot’s  control  of  the  aircraft.  If  using  a  head  up  display,  the  pilot's  major  concern 
io  to  keep  his  line  of  sight  within  the  exit  pupil  of  the  display?  bis  purpose  being  to 
launch  a  weapoii  against  an  adversary  or  target.  Centrifuge  test  data  at  ,t2Gy  indicate 
that  the  addition  of  a  simple  shoulder  pad  lestraint  system  signi f i entU  ly  improves 
tracking  performance  on  an  airborne  target  at  a  cost  of  some  side  panel  vlRlhility  and 
Interference  with  flight  clothing.  Additional  study  is  certainly  roqulrc’d  to  design  a 
more  optimum  restraint  system. (1)  At  higher  transverse  G  levelB,  the  introduction  of  a 
helfTiCt  mounted  display  with  the  possibility  of  some  restriction  of  helmc?!  motion  may  be 
nccTcatio  J  y  • 

The  introduction  of  direct  side  force  and  direct  lift  brings  with  it  the  ndcUtional 
problem  of  what  method  should  be  used  to  control  tliese  forces-  Experirnents  with  the 
AFTI/F-IE  indicate  that  pointing,  flat  turn  and  translation  were  very  effectively 
ImpJeniented  through  decoupled  rudder  pedals  nnd  required  minimal  training.  Control  of 
vertical  decoupled  motion  was  effectively  lirplemented  through  the  use  of  a  tv/ist 
throttle.  However,  extraneous  inputs  were  encountered  during  throttle  movement.  Human- 
factors-orierited  design  studies  for  suitable  manual  tasA  controllers  still  need  to  be 
conducted . 

HUMAN  CENTRIFUGE  EXPERIMENTATION 

Greater  control  authority  maSieB  current  fighter  aircraft  capable  of  higher  tGz  onset 
rates  than  ever  before.  Coupled  with  six  degree  of  freedom  control,  the  forces 
generated  will  combine  to  present  a  very  new  environment  for  the  fighter  pilot  of 
tomorrow.  To  batter  prepare  today's  pilot  for  the  rapid  onset  +Gz  environment,  US  Air 
Force  tactical  fighter  pilots  are  currently  undergoing  training  in  a  newly  modified 
centrifuge  at  Brooks  Air  For<c  Base,  Texas. (2)  The  Improved  system  is  now  cspable  of 
reaching  +9Gz,  the  typical  maximum  for  eutieul  fUilileiS,  in  only  2.3  seconds  as  compared 
to  eight  seconds  prevl ously . ( 3 )  Some  testing  of  pilot  reaction  to  transverse 
acctlerat ion  up  to  A2Gy  has  been  performed  in  the  Air  Force  Aerospace  Medical  Research 
J.sboratory  Dynamic  E;;vlronment  Simulator.  Investigation  of  the  simultaneous  interaction 
of  rapid  onset  +Gz  and  l.Gy  must  still  be  «ddret4Bed. 
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CHEMICAL  ANO  H3  0L0G1CAL  WAHFARI:  nRFFNSK 

In  addition  to  +Gy  and  high  ons€»t  Gzi  toinor  row '  a  figh‘oen  pilot  nust  be  prepared  to 
encounter  tt-o  hostile  environment  of  ohemiral  weapons.  Although  the  use  of  chemical  and 
liiological  weapons  has  been  outlawed  since  the  1  ???>  Geneva  Protocol,  the  nations  of  the 
world  continue  to  argue  over  the  terms  of  a  new,  more  comprehensive  ban* (4)  The 
likelihood  that  chemical  weapons  may  be  used  in  a  future  conflict  cannot  be  overlooked, 
Puch  weapons  are  specifically  intended  to  incapacitate  or  eliminate  the  crewmember, 
rather  than  to  directly  destroy  the  system  itself.  Since  biological  agents  are 
typically  slow  acting,  they  arc  ill-suited  for  use  against  an  airborne  system. 

Consi deiabl c  evidence  exists  which  shows  that  cur  potential  adversaries  arc  preparing  to 
operate  in  a  chemical/biological  environment.  These  actions  cannot  be  taken  lightly; 
since  failure  to  pre^pare  for  the  possible  use  of  chemical  weapons  hy  our  enemies  makes 
us  especially  vulnerable.  The  possibility  of  their  use  dictates  appropriate  protection 
for  the  crewmember;  for  without  him,  the  system  cannot  accomp] i fib  its  mission. 

Protection  foi  the  crewmember  becomes  both  a  flight-critical  arul  mi ssion-cri t i ca 1 
requirement.  Because  of  the  nature  of  modern  chemical  weapons,  the  crewmember  must  be 
completely  protected  from  his  external  surroundings,  presumably  within  an  impermeable 
suit  or  oven  a  capsule  with  a  suitable  environmental  control  system.  The  environmental 
control  system  must  be  capable  of  detecting  and  neutralizing  nhemical  agents  or  of 
providing  a  safe  environmer»t,  either  self-contained  or  recycled.  Current  protective 
equipment  is  bulky,  vi son  restricting,  easily  damaged,  and  interferes  with  tactile 
sensitivity  while  causing  significant  heat  stress*  If  this  equipment  must  bo  usod  in 
cockpits  in  conjunction  with  i.ouch-sensi  ti  ve  overlays  and  programmable  switches,  the 
limitations  imposed  must  be  considered  in  the  design  of  the  equipment. 

VISUAI.  I. IMITATIONS 

A  reclined  soot  for  improved  tcz  tolerance  combined  with  current  CBW  equipment  results 
in  a  considerable  portion  of  the  cockpit  being  obscured.  In  the  fully  reclined 
position,  the  pilot’s  ability  to  view  lower  portions  of  the  cockpit  front  and  side 
panels  is  severely  restricted.  Significant  degradation  of  the  pilot’s  ability  to  "Check 
f>"  occurs  in  a  fully  reclined  seat.  He  is  not  able  to  ri>ake  a  simple  turning  Of  the  head 
to  SCO  behind  the  aircraft,  and  consideration  must  now  be  given  to  providing  an 
additional  display  of  the  area  behind  him,  or  incorporate  coverage  of  this  area  in  the 
situation  display.  Because  of  these  limitations,  helmet  mounted  disflays,  currently  in 
their  early  stages  of  development,  will  almost  surely  be  essential  in  the  cockpit  of 
t.omorrow. 


f.ENSOPE 


Svrisor  technology  improvements  over  the  last  several  years  together  with  increasing 
computet  power,  promise  refined  information  taiior-made  for  the  situation.  Doppler  beam 
sharpened,  phased  array  and  bi-stat.ic  array  radars  offer  precision  well  beyond  the 
capability  of  proviou':  airborne  radars.  Terrain  Fol  lowing/Terroir.  Avoidance  (TP/TA) 
radars  guide  the  aircraft  tlirough  low-level  mountainous  terrain*  Threat  Avoidance 
compurat i ons  will  soon  be  added  to  TF/TA  on  an  integrated  situation  awareness  display. 

Ni ght-Vi sion  Goggles  (MVGs)  and  Forward  Looking  Infia-Red  (FLIk)  sensorfi  enable  viewing 
of  targets  under  low  light  conditions.  Radar  and  Infra-Red  warning  receivers  tell  of 
hostile  action  threatening  the  aircraft.  Numerous  Byctem  sensors  alert  or  warn  of 
excessive  or  inadequate  flow  rates,  pressurt;-  and  1  erpeiatuies.  Traditional  airborne 
sonsors  for  *.ir?»perd,  altitude,  angle  of  attack,  etc.  may  eoon  be  followed  hy  chemical 
agent  detectors.  All  of  this  information  has  traditionally  been  presented  or.  individual 
dedicated  displays  for  the  pilot  to  assimilate,  integrate.*,  evaluate,  and  take 
appropriate  action.  Such  a  situation  threatens  to  rtcate  an  excessive  workload  for  the 
crewmomber  of  tomorrow. (5)  Computer  processing  of  radar  range  and  azimuth  information 
enat'lcs  it  to  be  converted  to  x  and  Y  coordinates  for  display  on  a  Cathode  Ray  Tube 
(CRT),  eliminating  the  nec-d  for  a  dedirated  radar  display.  The  potential  even  exists 
through  advlitional  computer  proc'ccs ing  to  identify  targets  by  computer*  The  use  of  such 
computer  identification  would  allow  display  of  tho  target  by  symbol  rather  than  raw 
•  iota,  wIpi-Tm  hurdens  the-  pjlc.t  wi  Ll»  t  htr  luei'ii  i  t  J '..ol  1  (omK.  Fxpf  t  i  ha**  Hiii7wri 

however,  that  the  final  identi  f  i  cat  i  n  of  the  target  mut^t  be  made  hy  the  pilot  prior  to 
weapon  re) ease . 


MULTIFUNCTION  UI SPLAYS 

With  the  advent  of  more  and  better  sensors,  the  pilot  now  has  available  to  him  much  moi-e 
data  than  ever  before.  The  partial  solution  to  thio  explosion  of  sensor  data  in 
available  in  the  form  of  the  multifunction  display  (HFb).  The  MF[>  ia  rapidly  taking  the 
place  of  the  dedicoted  di&fjlays  of  yesterday.  The  introduction  of  MFDs  has  in  some 
meaBure  actually  enc<»uraged  the  prc»l  i  f  <^rat  i  on  of  RensorF.  onboard  aircraft  as  panel  area 
for  dedicated  displays  becomes  incrrasingly  scarce.  .A  few  multifunction  djsployc  c*an  bo 
^ised  to  display  a  myriad  of  information  In  a  wide  variety  of  formate.  Although  this  is 
a  valuable  caiiability,  the  displays  somet  ines  present  t.hei  i  own  unique  problems  of 
Hvinlight  legibility,  canopy  reflections,  brightness  levels  for  night  operations, 
crompot  j  bi  )  ity  with  nigtit  vision  gogglen,  etc.  A  word  of  caution  it  in  ordet  el  this 
point:;  the  proliferation  of  data  has  typically  been  allowed  t.o  grow  upon  the  current 
displayB,  often  without  coneideration  of  t.he  clutter  which  ensues, (6)  It  is  cloar  that 
properly  designed  pictoriol  formats  must  supplant  taw  data  on  multipurpose  displays  for 
case  of  pilot  understanding .( 7 J 


TOUCH-SENSITIVE  OVERLAYS  AND  PROGRAHKABJ.F.  SWITCHES 

With  the  introduction  of  mui t i f unction  displays  into  the  cockpit,  the  pilot  now  has 
available  to  him  the  option,  sometimes  even  the  necessity,  of  Using  touch-sensitive 
overlays  or  display  perimeter  switches  to  control  various  subsyatems.  Additionally, 
programmable  switches  employing  dot  matrix  displays  may  even  be  used  in  conjunction  with 
a  computer  for  such  sophisticated  actions  as  selecting  the  best  available  weapons  mix  for 
attacking  a  troop  convoy,  a  tank,  petroleum  storage,  etc.  The  display  of  a  pictorial 
symbol  of  the  intended  target  may  be  used  to  relieve  the  pilot  of  the  detailed  selection 
of  the  weapon  combination  available  to  do  the  best  job  on  preplanned  targets  or,  even 
better,  on  targets  of  opportunity  or  for  self-protection. 

AUTOMATION 

The  growing  use  of  computcrn  in  the  cockpit  of  tomorrow  promises  considerable  aid,  and 
possibly  even  com.o.t,  to  the  future  tactical  fighter  pilot.  Because  of  the  large  number 
of  sensors,  systems,  weapons,  etc,,  some  form  of  management  and  monitoring  of  all  of  this 
data  must  be  devised.  To  accomplish  this,  an  electronic  crewmember  (EC)  or  pilot's 
associate  appears  to  be  in  order.  It  is  widely  accepted  that  control  devices  are 
extremely  well  suited  to  monitoring  tasks;  whereas  the  human  is  extremely  good  at 
flexibility  and  intuitive  problem  solving,  but  much  poorer  at  monitoring.  A  human  is 
also  likely  to  make  occa.sional  commissive  errors.  Current  work  by  the  Defense  Advanced 
Research  Projects  Agency  through  the  Air  Force  Wright  Aeronautical  Laboratories  is 
investigating  the  application  of  aitifical  intelligence  to  the  fighter  aircraft  of 
tomorrow.  The  introduction  of  such  a  computer  or  expert  system  into  the  cockpit  raises 
the  question  of  "Who's  in  Charge?”  A  careful  division  of  the  responsibility  for  the 
various  flying  tasks  should  reduce  pilot  workload  significantly.  These  task  allocations 
must  be  fully  investigated  in  order  to  avoid  a  pilot  role  resulting  in  the  loss  of  pilot 
skills  from  non-use- (6)  Proper  task  allocation  should  reduce  the  number  of  pilot  errors 
which  are  an  additional  significant  source  of  worrload  and  stress  to  experienced 
pilots. (9)  There  will  also  probably  be  a  significant  problem  of  gaining  acceptability  by 
current  pilots  of  the  EC's  ability  to  pierform  some  or  even  many  of  these  functions.  Such 
reluctance  will  probably  bo  less  pronounced  among  the  pilots  tomorrow  because  of  tbeir 
early  association  with  c:omputers  ut  a  much  younger  age. 

VOICE  INPUT/OUTPUT 

Research  today  is  showing  considerable  promise  for  the  availability  of  a  large  vocabulary 
connected  speech  input  and  output  system  for  aircraft  applications.  Such  capability  will 
transcend  the  current  n[>plication  of  operating  switches  and  permit  the  pilot  to  interact, 
with  the  EC  employing  artificial  intelligence  to  assist  him.  The  multiengine  pilots  of 
yesterday  regularly  referred  to  the  avitopilot  as  "George."  The  aircraft  itself  has  been 
frequently  referred  to  by  nicknames,  for  example,  "Babe",  "Honey",  etc.  It  is  therefore 
highly  likely  that  such  a  name  or  term  will  evolve  for  the  EC.  If  not  a  standard  name 
like  "George",  then  one  will  likely  be  selected  by  each  pilot.  Such  "friendship"  with 
the  computet  system  will  lead  to  a  more  natural  interface  with  the  EC.  The  pilot  will  be 
able  to  preselect  various  levels  of  resi’Onsibi  1  i  t  y  for  tbs  EC  depending  upon  mission 
segment.  For  example,  for  system  monitoring  the  pilot  may  Instruct  the  EC  to  alert  him 
to  every  system  problem,  to  none,  or  to  one  of  several  levels  in  between,  depending  upon 
the  anticipated  pilot  workload  during  the  given  mission  segment.  He  may,  of  course, 
modify  the  EC's  responsibility  level  for  any  mission  segmient  at  any  time  during  the 
f li  ght . 

FI, ASH  BLINDNESS  PROTECHON 

While  wo  continue  to  design  aircraft  priirari  ly  for  operations  in  a  conventional  weapons 
war,  the  possible  use  of  tactical  nuclear  weapons  cannot  be  ruled  out.  This  places  yet 
ariothei  burden  on  the  irewmeriber .  Assuming  that  the  aircraft  is  far  enough  away  from  tne 
detonation  to  avoid  life-threatening  shock  and  thermals,  the  pilot  will  surely  be 
.subjected  to  nuclear  flash.  The  single-scat  fighter  pilot  is  especially  vulnerable.  It 
is  possible  to  envision  a  future  pilot  flying  a  low-level  TF/TA  penetration  at  night 
using  NVGs  and  a  nuclear  blast  occurs,  without  proper  protection,  the  photomultiplier  of 
the  HVGs  could  be  completely  destroyed.  In  such  a  case,  the  night  adaptation  lost  by  the 
pilot  by  using  NVGs  could  require  from  one  to  over  four  minutes  to  night  adapt.! 10)  A 
rate  of  recovery  this  slow  can  he  deadly  in  an  aircraft  at  200  feet  altitude  and  flying 
in  exceus  of  400  knots.  It  may  be  preferable  to  (a)  completely  enclose  the  cockpit, 
offering  the  pilot  only  sensor  inforii'atioii  for  outside  reference  or,  (b)  equip  the 
aircraft  with  PLET  windows  which  become  opaque  to  nuclear  flash,  in  order  to  piotect  the 
crewmemher.  Either  solution  will  uncoubtedly  introduce  environmental  problems  of  its 
own . 

COIICLUSION 

Advancing  technology  will  provide  the  pilot  of  future  fighter  aircraft  with  a  much  more 
capable  weapon  syslem.  The  progress  of  i;  dividual  technologies  will  undoubtedly 
continue,  but  their  introduction  Into  the  cockpit  must  be  carefully  tempered  with 
appropriate  human  factors  analysis.  The  introduction  of  these  new  technologies  will 
especially  require  an  open  mind  on  the  part  of  the  pilots  and  considerable  training  to 
obt.'in  jiaxinum  benefit  from  the  Investment. 
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DISCUSSION  OF  SESSION 


FUTURE  FICiHTER  AIRCRAFT 


(Papers  27  and _X) 


AIK  CORE  ERNSTING  (UK) 


Col  Krobusek,  how  does  the  United  States  Air  Force  intend  to  resolve  the  conflict  which  arises  between  the 
provision  of  nuclear  flash  protection  by  means  of  a  small  window  of  PLZT  in  an  otherwise  black-out  canopy 
and  the  need  for  good  all  round  vision  in  the  air  combat  situation?  Is  it  that  you  sec  the  solution  to  these 
two  types  of  operation  being  in  entirely  different  types  of  aircraft? 

AUTHOR'S  REPLY  (LT  COL  KROBUSEK  (US)) 

This  particular  problem  has  not  been  addressed  hilly.  The  two  requirements  arc  almost  diametrically  opposed. 
When  you  solve  one  for  visibility  you  almost  surely  introdi’ce  problems  In  the  other.  My  main  purpose  In  the 
paper  was  to  point  out  that  we  probably,  and  this  is  my  view,  cannot  meet  both  requirements  in  a  single 
aircraft. 

COL  VAN  DEN  BIGOF.LAAR  (NL) 

Ml  Chairman,  1  would  like  to  make  a  remark  on  the  excellent  paper  by  Col  Vlant.  He  mentioned  a 
requirement  in  future  aircraft  for  automatic  recovery  of  the  aircraft  to  level  flight  in  the  event  of  loss  of 
oonsciousneas.  1  would  very  much  support  this  proposal  since  recent  experience  with  the  Flfi  has  shown  that 
G  induced  loss  of  consciousness  and  severe  disorientation  can  result  in  tragic  loss  of  lives  and  aircraft.  A 
device  which  would  automatically  level  an  aircraft  in  an  uncontrolled  situation  would,  I  believe,  prevent  mnny 
of  the  accidents  of  the  types  which  have  occurred  in  the  last  2-3  years. 

AUTHOR'S  REPLY  (COf.  VIANT  (FR)) 

Yea,  1  did  refer  to  this  problem.  In  air  combat  situations  rapid  onset,  high  G  can  induce  loss  of 

eonseiousness.  There  is  as  yet  no  clear  technioal  solution  to  the  requriement  for  automatic  recovery  of  control 
In  this  situation.  One  can,  however,  perhaps  envisage  a  device  .sueh  as  the  dead  man's  handle  which  i.s  used  in 
driving  cabs  of  trains.  Thus  it  is  possible  to  envisage  a  system  which,  in  the  event  that  the  pilot  docs  not 
make  any  inputs  through  the  control  column  say  for  30  seconds,  the  aircraft  computer  takes  over  control  and 
restores  stable  flight.  We  do  not  yet  have  the  technical  solution  to  this  problem.  I  believe  that  it  is  an  area 
where  further  research  Is  required. 

COL  VAN  DEN  PIGGELAAR  (NI,) 

Yes,  I  believe  that  it  is  technically  possible  to  programme  the  flight  computers  so  that  the  aircraft  Is 

brought  to  stable,  level  flight  In  the  event  of  a  period  of  unconsciousness  or  a  period  In  which  the  pilot  Is 
so  disorientated  that  tic  doesn't  know  wliere  lie  b.  1  wish  to  comment  on  the  vnluc  of  a  dead  man's  handle. 

We  fitted  a  switch  in  our  centrifuge  which  the  pilot  had  to  depress  throughout  the  G  profile.  We  expected 

liim  to  release  the  switch  if  he  lost  consciousness.  We  had  one  cose,  however,  in  which  the  pilot  did  not  do 
sc;  he  continued  to  depress  the  switch  after  he  lost  consciousness,  duo  to  spasm  of  his  hand  musoics.  Thus  a 
simple  dead  man's  handle  will  iirobably  not  be  adequate  to  cepe  with  this  problem. 

BRIG  CiEN  BURCHARD  (GF.) 

1  enjoyed  both  of  these  excellent  presentations,  I  believe,  however,  that  the  human  limits  arc  not  being 
considered  sufficiently  in  the  concepts  of  the  new  fighter  aircraft  of  the  19<)0s.  Apparently  we  are  not 
willing  to  accept  that  wc  are  driving  the  human  being  to  his  utmost  limits.  I  suggest  that  the  AMP  .should 
state  that  the  pilot  should  not  be  required  to  operate  close  to  his  limits  of  tolerance  of  high  acceleration.  1 
think  we  should  require  more  from  the  weapon  systems.  The  authors  talked  aho'Jt  the  need  to  be  able  to  fire 
in  all  directions.  Why  have  a  high  turn  rate  and  high  G  onset  rate  in  orde'  to  turn  the  aircraft  in  order  to 
direct  a  medieval  rocket  weapon  at  the  target?  Future  technology  should  be  used  In  the  weapon  system  to 
relieve  some  of  the  tasks  on  the  pilot.  Cannot  artificial  intelligence  be  pul  Into  the-  weeiiOii  system  as  well 
as  the  aircraft  and  thus  relieve  the  pilot  and  the  aircraft  froru  soivie  of  these  physics!  strestss  which  pushes 
him  to  the  utmost  limit? 

AUTHOR'S  REPLY  (LT  COL  KROBUSEK  (US)) 

Yes,  I  would  agree  completely.  The  comments  that  I  made  during  the  presentation  were  offered  to  stimulate 
thought.  They  were  only  some  of  the  areas  which  we  should  consider  In  future  combat  aircraft.  As  was 
pointed  out  by  the  Chairman,  there  are  some  solutions  to  some  problems  which  may  give  us  problems  in  other 
areas.  I  do  not  think  that  there  is  any  single  solution  to  all  of  the  scenarios  which  we  can  develop;  the 
human  mind  is  Just  too  smart  for  that. 

AUTHOR'S  REPLY  (COL  VIANT  (FR)) 

Yes  certainly  we  should  consider  the  whole  system  -  the  aerodynamics  of  the  aircraft,  the  aircraft 
performance  and  also  the  performance  of  the  missiles  vHth  which  the  aircraft  is  armed.  Even  In  a  future 
combat  aircraft  It  will  be  still  necessary  to  manoeuvre  the  aircraft  rapidly  in  order  to  achieve  a  hit  on  the 
target.  We  must  also  keep  in  mind  the  fact  that  we  must  build  aircraft  at  a  cost  which  we  con  afford.  Thus 
we  cannot  always  afford  the  sophistication  of  the  aircraft  which  we  would  like.  Finally,  the  effectiveness  of 
an  aircraft  Is  the  summation  of  the  effectiveness  of  the  pilot  and  the  effectiveness  of  the  machine.  In  these 
circumstances  the  spirit  of  combat  and  the  physical  eapaeity  of  the  pilot  enhance  the  effectiveness  of  the 
machine.  If  you  liave  two  aircraft  each  pilot  will  try  to  do  better  than  the  other.  He  will  go  up  to  the 
limits  of  human  tolerance  -  this  Is  part  of  the  spirit  of  the  fighting  man. 


CANADIAN  FORCES  APPROACH  TO  AIRCREW  MEDICAL  SELECTION 

C/Col  Cflry  ufayi  UeA<{,  Central  Medical  Board 
Defeuce  and  Civil  Institute  of  Environmental  Medicine 
1133  Sheppard  Ave  West,  Toronto,  Ontario 
Canada  M5J  2A2 


With  advances  in  aircraft  performance  capabilities  and  in  medical  acreeninfi  technology,  major  changes 
in  Canadian  Forces  aircrew  medical  screening  procedures  have  been  proposed  and  are  being  introduced.  In 
1  battery  of  tests,  additional  screening  procedures  being  introduced  or  evaluated 

include  drug  screening  for  cannabinoids ,  contrast  sensitivity  function  visual  asaeasnent ,  echocardiograms 
cardiovascular  risk  assessment,  pulmonary  function  testing,  an  aeromedical  history  questionnaire,  and  a 

?hl  d^ri  electroeccephalogrL  are  being’co::ti:ued. 

^  U  e  r  candidates  who  fail  to  meet  selection  standards,  and  to  provide  a  Medical 

Suitability  Rating  for  acceptable  candidates.  2.8t  of  candidates  screened  have  had  positive  tests  for 
urinary  cannabinoids.  Contrast  sensitivity  norma  for  the  aircrew  candidate  population  are  higher  than  for 
lose  otudied.  Contrast  sensitivity  may  he  helpful  in  assessing  candidates  whose  vision  is 

e  to  standards.  We  believe  this  approach  to  initial  medical  screening  will  reduce  attrition  of 
experienced  aircrew  for  medical  reasons,  and  will  enhance  flight  safety  over  the  years  to  come. 

■  ^he  RCAF  conducted  medical  screening  of  pilot  and  navigator  aircrew  candidates  at 

regional  Medical  Selection  Units.  These  units  were  staffed  by  Flight  Surgeons,  who  conducted  the  basic 
examinations,  and  by  appropriate  Specialista  who  completed  ancillary  investigations  including 
ophthalmologic,  otolaryngologic  and  psychiatric  review.  With  triscrvicc  unification  (and  subsequent* 

'’’j  ''“fees  (CF)  incorporated  aircrew  medical  selection  into  the 

Central  (Aircrew)  Medical  Board  (CMB)  at  the  Defence  and  Civil  Institute  of  Environmental  Medicine  (DCIEM). 
This  was  staffed  by  a  single  Senior  Flight  Surgeon  and  appropriate  technicians.  IDUIEm;. 

Basic  enrolment  medicals  were  then  done  at  local  Recruiting  Centers,  usually  by  civilian  physicians 
undei  contract,  and  the  medicals  were  administratively  reviewed  by  a  CF  Medical  Officer.  This  medical 
screening  included  a  physical  examination,  an  electrocardiogram,  a  chest  x-ray,  an  audiogram,  an  ophthal- 
malogic  evaluetion.  and  a  VDRL  and  urinalysis.  Subsequently,  while  the  candidates  were  undergoing  aircrew 
FI  5  Aircrew  Selection  Center  in  Toronto,  the  medical  documents  were  reviewed  by  the 

weL  pef forced!*”"'  screening  tests  including  anthropometries  and  electroencephalograms 

In  the  yitervening  years  there  have  been  significant  advances  in  aircraft  performance  capabilities 

technology.  These  advances  have  prompted  major  changes  in  Canadian  Forces  aircrew 
'■''•'’S®®  '•'fleet  the  CF  philosophy  that  aircrew  applicant,  .hwuld  be 
flvine  f  •  «?  accepted,  trainees  can  be  assigned  to  any  operntional 

denp  Lr  ^  •  f  further  screening.  Additional  screening  procedures  being  introduced  or  evaluated  include 
Pascal  r  e-  s ,  contrast  sensitivity  function  visual  assessment,  echocardiograms,  cardio¬ 

vascular  risk  assessment,  pulmonary  function  testing,  an  aeromedical  history  questionnaire,  and  a  Flight 

limited  “  CWB.on  each  candidate.  During  this  review  an  abbreviated  psychosocial  assessment  and 

limited  physical  examination  is  done.  ppmcni-  onu 

The  battery  of  screening  tests  will  be  used  not  only  to  reject  candidates  who  fail  to  meet  standards 
but  also  to  formulate  a  Medical  Suitability  Rating  (MSR)  for  candidates  who  are  not  rejected.  This  MSR  will 

-“’>»■  ••  •« 

TABLE  1  CANADIAJ)  forces  AIRCEEH  .medical  screening  FR0CEDUKE3 

At  Recruiting  Center  Level 

Enrolment  HedicHl  Examination 

Optithalioologic  aasesBrnent 

Audiogram 

Elect  rocardiograia 

Che&t  x-ray 

Laboratory  -  urlnalyals,  heniogJobin,  blood  sugar,  cholesterol,  \T)RL 

At  the  CentraJ  Medical  Board 
Anthropometry 
Audiogram 

Ophthalmologic  Asaesament  (if  Required) 

Aeromedical  History  Questionnaire 
Pulmonary  Function  lests 
^Echocardiogram 

**Cantraat  Sensitivity  Analysis 
**Drug  Screening  (Cannabinoids) 
i^ardiovaicuiar  Kisk  Aiaciament 

Eleccroanccphalograo)  *  to  be  initiated  in  1983 

Flight  Surgeon  Review  **  under  evaluation 


Those  screening  procedures  recently  introduced  or  under  evaluation  at  the  Central  Medical  Board  will 
be  briefly  discussed. 


Aeroaedical  History  Questionnaire 

This  questionnaire  is  attached  as  Appendix  A|  and  is  designed  to  supplement  historical  data  obtained 
on  the  initial  enrolment  medical  (CF  2027).  Positive  responses  guide  the  Flight  Surgeon  during  the  sub¬ 
sequent  interview  to  areas  of  potential  pathology. 

PUlTionary  Function 

Screening  tests  are  aimed  at  detecting  individuals  with  early  .fixed  or  reversible  small  airways  disease 
who  might  later  develop  overt  asthma,  or  be  at  increased  risk  of  acceleration  atelectasis.  Current  screening 
testa  are  the  most  sensitive  available  for  the  detection  of  small  airways  disease  (10),  and  include  maximum 
expiratory  flow-volume  cun’es  on  air  and  helium-oxygen,  (repeated  after  bronchodilator  if  indicated),  and  the 
single-breath  nitrogen  washout*  Candidates  with  a  history  of  wheezing,  or  with  abnormal  screening  tests 
undergo  a  methacholine  challenge  teat,  a  measure  of  airway  sensitivity*  Candidates  with  positive  challenge 
tests  are  rejected,  as  are  those  with  significant  fixed  small  airways  disease.  Those  with  mild  abnormalties 
e.g.  cigarette  smokers  with  reduced  flows  at  SOX  vital  capacity  are  given  a  lowered  Medical  Suitability 
Rating  (HSR). 


Echocardiograics 

Of  the  various  non-invasive  cardiovascular  procedures  available  to  screen  for  structural  cardiac 
abnormalities  and  arrhythmias,  in  addition  to  the  resting  standard  ECG,  the  CF  has  opted  to  perform  the 
M^mode  and  2-D  Gchocardiograo  on  all  pilot  candidates, 

Exercise  stress  tests  and  ambulatory  electrocardiographic  monitoring  of  all  candidates  were  rejected 
because  of  excessive  manpower  requirements,  lack  of  data  on  what  is  truly  abnormal  on  ambulatory  ECO's,  and 
the  problem  of  follow-up  of  false  positive  ST  segment  changes  on  exercise  stress  tests.  These  tests  will 
only  be  used  to  evaluate  those  candidates  who  have  a  history  compatible  with  a  potential  arrhythmia,  or  in 
whom  an  arrhythmia  is  detected  or  suspected  during  the  clinical  exasiination^  the  resting  electrocardiogram, 
or  thA  echocardiogram. 

Among  the  disqualifying  structural  lesions  that  may  be  detected  by  echocardiography  are  mitral  valve 
prolapse,  mitral  regurgitation,  aortic  insufficiency,  and  cardiomyopathies  including  asymmetric  septal  hyper¬ 
trophy,  all  of  which  potentially  can  lead  to  reduced  G  tolerance  or  loss  of  consciousness  in  the  rapid  onset 
high  G  enviroiuBent  <1). 


Contrast  Sensitivity  Function 

Contrast  sensitivity  is  a  measare  of  visual  function  which  differs  from  standard  acuity  tests  in  that 
not  only  spatial  frequency  (a  measure  of  Snellen  chart  letter  size),  but  also  contrast  is  varied.  Sinc-vave 
gratings  (repeated  sequences  of  light  and  dark  bars)  are  presented  to  subjects  on  a  CRT,  the  contrast  of  Che 
gracing  being  increased  from  below  detectable  visibility  to  threshold  level.  Gratings  of  different  bar  widths 
(spatial  frequencies)  are  presented,  and  a  plot  of  spatial  frequency  against  contrast  sensitivity  (threshold) 
is  obtained  (Figure  I).  This  plot  is  analgous  to  on  audiogram  in  which  senaory  threshold  is  evaluated  at 
various  frequencies.  Ginsberg  (2)  has  shown  a  relationship  between  target  acquisition  in  the  aviation 
environment  and  contrast  sensitivity  function. 

Under  a  Test  Program  Agreement  with  the  USAF,  the  CF  has  been  conducting  a  trial  of  contrast  sensitivity 
function  in  aircrew  candidates  since  June  1984.  The  purposes  of  the  trial  are  to  establish  population  norms 
for  contrast  sensitivity  In  CF  aircrew  applicants,  and  to  evaluate  the  potential  application  and  usefulness 
in  aircrew  selection. 
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Tonpated  with  pablished  population  norma  (3)  CF  aircrew  cauuLdates  appear  to  have-  higher  values  for 
contrast,  sensitivity  (or  lower  detection  thresholda)  (Figure  I).  These  initial  100  subjects  in  the.  CMB 
study  had  an  uncorreeted  visual  acuity  of  6/6,  6/9  or  better,  and  were  between  17  and  25  years  of  age, 

Ginsberg's  (3)  subjects  were  older  (mean  age  about  36),  and  some  wore  corrective  lenses,  although  their 

corrected  visual  acuity  as  a  group  was  normal.  7 

Although  the  contrast  sensitivity  test  is  not  as  yet  used  in  the  actual  selection  process,  potential 
application  is  readily  discernable  in  screening  candidates  with  borderline  visual  acuity  and/or  cycLople^^ic 
refractive  errors.  Some  candidates  with  borderline  acuity  or  refractive  errors  have  quite  normal  contrast  ^ 

sensitivity  function  while  others  fall  well  below  the  noim.  Given  the  possible  correlation  between  target 
acquisition  and  contrast  sensitivity,  it  seems  reasonable  that  candidates  with  borderline  visual  testing  . 

by  classic  methods,  but  clearly  reduced  contrast  sensitivity,  should  be  rejected,  or  given  a  lowered  Medical  ' 

Suitability  Rating.  j 

Drug  Screening  for  Cannabinoids  J 

f 

During  the  period  1982-83,  cannabinoida  were  the  largest  single  drug  group  found  post-mortem  in  aircrew  j 

who  died  in  Canadian  Forces  aircraft  accidents.  I 


The  CMB  Aeromedical  Questionnaire  (Appendix  A)  includes  two  questions  (C68,  69)  about  illicit  drug  use. 
About  25  percent  of  candidates  admit  to  having  tried  marijuana  or  hashish  in  the  past,  but  virtually  all 
disclaim  current  u.^e.  In  1984,  CHfi  initiated  a  trial  study,  screening  each  aircrew  candidate's  urine  for 
cannabinolds. 
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Urines  are  screened  initially  by  ioinunoassay  (EMIT),  and  positives  are  confirmed  by  gas  chromatographic 
mass  spectrometry  (GCKS).  The  EMIT  method  is  an  extreiosly  sensitive  assay,  detecting  total  urinary  canna- 
binoids  for  up  to  10  days  after  consumptian.  It  is  not  100%  specific  and  false  positives  do  occur.  The  GCMS 
method  is  less  sensitive  because  it  determines  one  specific  THC  metabolite,  but  it  is  essentially  totally 
specific. 

Over  the  initial  8  month  period  of  the  trial,  534  candidates  were  screened.  18  of  534  (3.3%)  had 
positive  responses  to  the  EMIT  method,  of  which  15  were  confirmed  by  gas  chromatography . 

No  individual  selection  action  was  taken  based  on  the  results  of  this  trial.  CMB  now  obtains  two 
separate  urine  samples  from  each  candidate.  Positive  specimens  confirmed  by  gas  chromatography  arc  sent 
to  an  independent  outside  laboratory  for  further  confirciatioti.  The  Director  of  Recruiting  and  Selection 
will  be  informed  of  candidates  who  have  two  confimied  positive  samples,  so  that  this  factor  can  be  con* 
sidered  during  selection  proceedings. 


Cardiovascular  Risk  Assessment 

Cardiovascular  risk  factors  including  blood  pressure,  smoking  habits,  total  cholesterol,  family  history, 
fasting  blood  sugar  and  exercise  habits  are  collected  on  each  candidate.  UDL  cholesterol  assays  arc  being 
introduced.  Candidates  with  familial  hypercholesterolecoia  and  a  positive  family  history  of  coronary  artery 
disease  are  rejected,  as  are  hypertensive  candidates  (persistent  readings  over  140  systolic,  90  diastolic). 

In  cthervise  acceptable  candidate?,  the  MSR  is  adjusted  dwnwards  on  the  prprence  of  risk  factors,  i.e. 

total  cholesterol  over  275  mg/dl  (or  total/HOL  ratio  over  6),  current  use  of  tobacco  products,  a  coronary 
event  In  a  first  degree  relative  before  age  50,  and  borderline  hypertensive  blood  pressure  readings. 


Electroencephalograms 
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The  application  of  the  electroencephalogram  to  the  aviation  medicine  environment  has  undergone  cyclic 
waves  of  enchuslasn  over  the  past  45  years.  Early  attempts  to  correlate  EEG  findings  with  the  outcome  of 
flying  training  proved  unsuccessful  (4).  The  technique  was  later  applied  as  a  screening  tool  for  a  seizure 
disorder  in  aircrew  candidates.  Several  follow-up  studies  (3,6,7)  have  been  reported,  and  although  the 
predictive  value  has  been  extremely  low,  roost  of  these  reports  have  recommended  continued  use  of  the  screening 
EEC.  Because  of  the  low  predictive  value  in  the  population  being  screened,  many  military  aviation  agencies 
have  discontinued  using  the  EEC  as  a  screen  in  candidates.  In  a  recent  cost^benef it  analysis,  Everett  and 
Jenkins  (8)  recoomiended  that  the  USAF  perform  EEC's  on  fighter  pilot  candidates  only. 

The  Canadian  Forc-s  continue  to  perform  screening  EEC's  on  all  pilot  candidates.  The  EEC's  are  done 
with  needle  electrodes  in  the  "10-20"  placement  system,  with  both  hyperventilation  and  photostimulation. 

All  EEC's  arc  read  by  the  same  neurologist,  and  are  classified  as  follows; 

a.  Type  X  -  minor  or  generalized  non-specific  abnormalities 

b.  Type  II  -  abnonsal  -  focal  non-specific  abnormalities,  minor  assymetries,  or  4-7  Uz  waves  occuring 
spontaneously,  during  photic  stimulation  or  HV  and  persisting  more  than  one  minute  after  cessation 
of  HV 

c.  Type  III  -  unacceptable  -  specific  EEC  waveform  abnormalities  including  focal  spike  discharges  or 
generalized  spike  and  wave  discharges. 

Despite  the  manpower  couBoitments  and  low  predictive  value,  because  of  the  potential  catastrophic  nature 
of  a  seizure  during  flight,  the  CF  will  continue  to  do  EEC's  on  pilot  candidates.  Candidates  with  Type  III 
EEC's  will  be  rejected  from  pilot  training. 


The  percentage  of  KEGVs  read  aa  type  )!}  bv  the  same  CMB  consultant  nctirologist  ov^i?  tlv  period  19/A-8A 
has  averaged  4.4  per  cent  aiimis  ily,  with  a  rang»i  of  0.6%  to  10%.  Although  the  CF  has  beefi  doing  EF.O's  on 
airo'»’cw  candidates  for  30  years,  the  early  data  has  been  lost  to  follow-up.  In  1984,  CMC  initiated  a  •  er.ro- 
spcctive  study  on  type  III  EEC's  obtaiped  since  1978.  121  questionnaires  were  mailed  to  deterajine  whc-thei 

any  these  individudls' have  subsequently  had  a  seizure  ot  unexpected  loss  of  conaclousdoss. .  To  date,  bO 
responses  have  been  obtained,  none  of  which  report  ouch  an  occurrence. 


Flight  Surgeon  Examination  and  Psychosocial  Iiv-prvicw 

The  CK  believes  that  a  careful  u'^sse8SQ\ent  of  each  candidate  by  an  experienced  Flight  Surgeon  is  a 
critical  part  of  the  medical  screening  process.  Rather  than  reporting  a  complete  physical  examination, 
the  CMB  Flignt  Surgeon  concentrates  on  a  dctai'.cd  cardiovascular  and  musculoskeletal  evaluation,  and  on 
clarifying  any  potential  health  problems  suggested  on  tVe  enrolment  medical  or  Aeromedical  Questionnaire, 
During  this  inteiviev,  thi  Flight  Surgeon  asks  a  series  of  qu**stion«,  as  ouggesLed  by  Mills  and  Jcncs  (9), 
designed  to  elicit  aberrant  motivation  or  paychcpathology  in  aircrew  cai.didarea.  If  pathology  is  suspected, 
a  farther  evaluation  by  a  CF  aviation  oriented  psychiatriat/b light  Surgeon  is  requested, 

These  various  procedures  have  just  recently  been  introuuced,  or  arc  still  in  the  process  of  being 
evaluated  by  the  Canadian  Forces  Central  Medical  Board.  It  will  be  some  years  before  the  effect  of  th’se 
ch  inges  car  be  assessed  in  terms  of  medical  attrition  of  experienced  aircrew,  and  improved  flight  safety 
records,  but  we  believe  that  the  application  of  atate-of-the  art  medical  technology  and  fcreening  techniques 
may  have  a  significant  impact  on  both  of  these  areas.  Assessment  of  the  efficacy  of  the  newer  screening 
techniques  should  be  aided  by  a  computorized  system  for  aircrew  uiedical  records  currently  under  dnvelopment 
at  CMB.  .  ..  ■  .  '  . 
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BIOGRAPHIC  DATA 

.Surname; 

SIN: 

Sex: 

Current  Address,  telephone: 


CENIRAL  MliDlCAL  BOARD  AIRCREW  CAKl'IDATE  EVALUATION 
CM3/ACE 


Given  Name,  Initials: 
Country  uf  Birth: 
CiaiC/Unit: 


DOB: 

Racial  Origin: 


Name,  address,  telephone  of  next  of  kin: 


l: 


VREVIOUS  F!.YING  EXPERIENCE 
Types  of  licence(s)  held: 

Types  of  aircraft  flown  and  approximate  hours  on  each: 


FAMILY  HISTORY:  Docs  your  family  have  a  hiaCory  of; 


Yes _ No 


Yes  No  Comments  (//detail) 


1. 

Allergies /asthma  ^ 

Sa 

Psychiatric  Problems 

2. 

Bleeding  disorders/anemia 

9. 

Rheumatism ,  arthritis 

3  • 

DiahtCfes 

10. 

Stomach,  bowel  disorder 

L 

A. 

Epilepsy /seizures 

11. 

Chest,  lung  croubl/i 

5. 

Heart  trouble 

12. 

Tutpour/Cancer 

I 

f). 

High  blnod  pressure 

13. 

.Slooholism 

7. 

Struke 

14. 

Suicide 

IS. 

Kidney  stones 

1 

' 

16. 

Svidden  death 

• 

j 

PERSONAL  HlSTOKt/HABlTS 

t. 

1, 

Number  jC  ye;^^s  u^bacco  products  used: 

5, 

Kow  many  days  a  week  do  you 

exercise 

1 

Number  of  years  since  stopping  snoking: 

vigorously  for  at  luaat  13  i 

min : 

i 

1 

i 

2. 

Average  tobacco  consumption  when  smoking 

6 

Dc  you  use  a  sect  bcl^  when 

driving 

i 

j 

Cigarettes/day  oc  squivAlsni-  1-10  11-20  20+ 

Rarely  Usually 

always 

1 

3. 

(hi  the  average,  how  many  times  a  week 

7. 

0->  you  ur-e  » .ly  medications 

(including 

1 

1 

do  you  drink  any  alcoholic  bevtjrages: 

’'•.rth  control  pill)  regularly?: 

1 , 

A. 

V/hen  you  drinkj  hov  many  drinks  do  you 

If  so,  vhat: 

■j 

have  on  the  average: 

.../2 
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-  -1 

I‘  ^ 
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Have  you  pvet  h^d  (been)  or  03  you  now  have 


} 

} 

.  -i 


I 


;Mi 

isy 

.1  fl 


Yea  No 

iUS  Mo 

1 

A  rav:inh  or  r.hurapinp,  hc*.i.‘t 

40. 

Coughed  up  blood 

2. 

Pain  or  diacanfort  in  j.*>ur  chest 

41. 

Chest/Lung  proD.etni  d'jring' 

3. 

J.nvef Ligations  tor  herrt  problems 

childhood 

4. 

A  h/iart  reurmer 

42. 

Contact  with  tubercvtlosis 

5 , 

High  blood  pre^suta 

/.s. 

TB  or  a  pwsitive  TB  cejt 

6. 

•  nusuaj  s',  oi'lnf.ss  of  breach 

44. 

Lung  function  tests 

7, 

Painting  jc  di'cy  spells 

45. 

KhcLtfnatic  Fev'^-t 

8. 

craaipti  with  exercise 

46. 

Stomach,  liver  or  bowel 

9, 

Peequent  or  severe  headaches 

trouble 

10. 

^llgraiuL 

47. 

Call  bladder  trouble  or 

gallstones  ^ 

11. 

A  .<tei<£ura  or  convuLsiQri 

12. 

A  hoar*  injury 

48. 

Jaundice  or  hepatites 

13. 

Periods  of  u.itonsciousnesu 

49. 

Hemorrhoids  or  rectal  d^s^^Ase 

14. 

nepression  or  excea.**jivf  worry 

50. 

rrequent  indigcst.ion  or  heartburn 

15, 

Anv  mental  condition  or  illnefts 

51. 

An  ulcer 

16. 

Psychiac.ic  he‘p 

52. 

A  stomach  or  bowel  x-ray 

17. 

Conaider^d  uuici.de 

23. 

Vomited  blood 

1ft. 

A  sleepwalking  problem 

54. 

Col/ tia 

10. 

i.os£  of  nL-mory/anmesi A 

55. 

Bloody  or  black  stools 

20. 

Hearing  trouble 

56, 

Severe  constipation, frequent 

21. 

Exposure  to  loid  noises 

diarrhea 

22. 

Ear,  nose  or  thcjoc  trouble 

57. 

Trouble  with  your  back 

23. 

Difficulty  with  your  cats  or 

58. 

Trouble  with  bones  or  joints 

aincaes  during  flying  or  diving 

59. 

X-rays  of  your  back 

2A. 

Frequent  noicblueda 

60. 

A  bladdjT  or  kidney  infection 

1,1 

Sinus  nrchlcnis  or  sinusitis 

6!  . 

A  kidney  scone 

IS. 

Unsreaoiness  or  ttoublt  with 

62. 

A  venarcct  disease 

bal.-inrc 

03. 

A  hernia  i*'  rupture 

27. 

Fsrnlysis  or  weakness 

64. 

Thyroid  ti  .ble 

il'i/iuver  cc  alier^^Lc  rhinitis 

65 

A  tendency  to  be  overweight 

20. 

Alluigies  to  druga,  seiun,  foods 

66. 

A  diet  to  lose  weight 

bite.,  or  acings 

67. 

A  recent  weight  gain  or  loss 

'JD 

Ai  t'^stiny./doyoniJiti.zetLon 

68. 

Tried  rr.ariji:an.2  or  h.irhich 

31. 

Used  MitihlaLamiues  or  nasal 

69, 

Iried  LSD,  cocaine,  PCp 

con‘5ys*:anC6  for  cllergieu 

amphetamines  or  similar  dviigv 

32. 

'Xroublc  with  your  eyes 

70. 

Used  medication  for  over  3 

.33. 

Boon  tfufod  for  glasses 

con.sccutive  months 

3(i. 

GladtfCb  or  contact  leneo/; 

71. 

Trouble  with  skin  problems 

35. 

Any  procedure  to  improve  your 

72. 

Trouble  with  severe  acne 

vi  g.'.on 

73. 

A  rurgical  operation 

30. 

Do  colds  tend  to  .</ettle  in  your 

74. 

A  hospital  admission  for 

c)»cst 

mpdical  illness 

37. 

wheeling  or  ^l.st^'na 

75. 

Been  pregnant 

3B. 

An  i  IV .  *1 L  e  r  for  your  breathing 

76. 

Gynecologic  investigation  or 

yj. 

Prolonged  cougli 

treatment 

77. 

I’ainful  periods  rcqu.iring 
t  off  at-hool  or  work 

PUSITIVL  DKTAlLli  (//,  explanation),*  , 

‘  i 

1  hejt'by  declur*?  tliat.  1  have  r.arefully  coimidcrfd  all  t.ho.  r^sponsen  made  in  PaitR  a  through  e,  and  that 
'to  the  heHL  of  ray  hel^nf,  they  are  complete  and  correct,  and  -.hit  T  have  not  withcld  any  releviint 
information  or  raadc  any  raitlcadinK  stotemeut. 


Witnea^ 


Si^^na^utV;  block. 
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MEDICAL  SELECTION  AND  PKySIOLOGICAL  TRAINING  OF  FIGHTER  PILOTS  - 
A  1985  PERSPECTIVE  AND  OVERVIEW 

Brigadier  General  Rufus  M.  DeHart 
Conunand  Surgeon 

Headquarters  Tactical  Air  Comniand 
Langley  Air  Force  Base,  Virginia  23665-5001 


INTRODUCTION 

Early  in  World  Wat  I  analvsis  of  British  data  revealed  60%  of  all  fatal  aircraft 
mishaps  were  directly  due  to  some  physical  defect.  This  led  to  the  establishment  of  a 
specific  medical  service  for  “care  of  the  flyer."  In  two  years,  total  mishaps  due  to 
physical  defects  fell  to  12%  -  an  Impreeslve  achievement.  This  was  the  beginning  of 
■flight  medicine  and  the  physician  called  the  "flight  surgeon." 

Much  progress  has  been  made  in  aviation  technology  and  aerospace  medicine  during  the 
pt.st  65  years.  The  OSAF  is  proud  that  the  aircraft  mishap  rate  haa  been  reduced  to  a 
relatively  low  level  -  1.7  mishap8/100,000  flying  hours  in  19B3  and  about  1.8  in  1984. 
That  is  an  excellent  achievement  considering  the  aggressive  and  realistic  training 
scenarios  we  have  today. 

Today,  in  spite  of  our  relatively  low  rate,  we  stil'x  lose  almost  a  wing  of  .aircraft  per 
year  -  57  destroyed  in  1984  at  a  cost  of  about  $410  million.  Table  I. 

1984  USAF  AIRCRAFT  MISHAP  DATA 

<  Total  Claas-A  Mit haps 

-  fiate/103,000  hrs 
FTR/,\''?K*  Class-A  Mishaps 

-  Rate/100,009  hrs 
Total  Ratals 

-  Pilot  ratals 
-  FTR/ATK Pilot  ratals 

(Fighter  and  Attack  Aircraft 
■laliie  1 


The  decline  in  the  mishap  rate  over  the  last  decade  is  largely  due  to  a  reduction  in 
the  "LOG  Pate*  ( Logistica/Maintenance  Factors)  -  1.6/100,000  in  1975,  0.5  in  1983  and 
1984.  Today  we  have  better  aircraft  systems,  and  they  are  better  maintained.  Good 
leadership  and  supervision  have  undoubtedly  played  a  rolp. 

However,  as  the  mishap  rate  has  declined  in  recent  years,  the  proportion  of  mishaps 
due  to  human-factor  variablts  has  increased  -  67%  in  the  FTR/ATK  for  19B4.  Table  II. 

FTR/ATKCLASa-A  MIHHAFS 


rTH/.>iTK  Tothl 

43 

Human  Factors 

29 

(67%J 

IIX;  Factors,  other 

14 

(33%) 

Table  It 


The  high  proportion  of  mishaps  due  to  human  factors  is  a  direct  challenge  for  the 
aerospace  medicine  community.  Another  irapoitant  challenge  is  ensuring  that  oui  pilots 
are  able  to  effectively  perform  in  the  high-G.^  environment.  We  believe  we  can  moat  both 
of  these  challenges  by  a  Bcrong  focus  on  the  "human  element"  -  the  man  in  t/ic  cockpli;. 

THE  CHALLENGE 

Th  the  past  10  to  15  years,  we've  seen  an  exponential  increase  in  aviation 
technology  and  fighter  aircraft  capanility.  Our  now  fighters  arc  superb  aircraft.  They 
,are  fast,  hove  an  expanded  flight  envelope  and  are  capable  of  rapid  onset  and  high 
sustained  G.  All  of  these  factors  provide  obvious  ndvantages  in  the  combat  arena. 

On  the  other  band,  man's  capability  remains  a  constant.  He  must  cope  with  an 
Inherent  physical,  vhyslo'logical  and  psychological  limitations.  The  physiological 

r:tres;'«8P,  worKload  and  perceptual  demands  on  tb*>  pilot  during  many  mission  scjncrlos  are 
focmidsbie.  In  fact,  for  the  firrt  time,  man  is  the  potential  llmltirnj  'iactor  in 
reailicing  the  full  capability  of  a  fighter  systen.  Yesteiduy  we  worried  about  ever 
"G-ing"  the  aircraft;  today  (particularly  in  the  F-16),  wa  worry  about  over  "G-l'ig"  the 
pilot. 

TLo  rttaJly  good  fighter  pilots  I’ve  known  in  the  past  havfi  always  beer,  good 
aviators,  smart,;  aggressive  ni.d  hove  had  an  inherent  dorire  to  excel  -  "be  the  best,"  In 


62  (57  destroyed) 

1.8 
43 
3.5 
79 
38 
25 
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tht  future,  it  will  also  be  important  for  fighter  pilots  to  be  physically  healthy,  in 
excellent  physical  condition  and  have  a  sophisticated  understanding  of  aerospace 
physiology  -  particularly  high-Gz  physiology.  Pilots  have  traditionally  had  a  good 
understanding  of  their  airplane's  flight  envelope.  Today,  and  in  the  future,  they  must 
have  a  thorough  understanding  of  their  own  personal  physiological  flight  envelope. 

FOCUS  ON  HUMAN  FACTORS 


The  moat  significant  human-factor  (HF)  problem  facing  the  TftF  today  is  spatial 
disorientation  (SD)  followed  closely  by  high-G  loss  of  consciousness  (GLC).  Thirty 
percent  (30%)  of  all  HF  mishaps  in  the  P-16  are  due  to  SO.  Nineteen  percent  (191)  of  the 
HF  mishaps  in  the  F-15  and  F-4  are  due  to  SD.  Other  human-factor  variables,  such  as 
distraction,  channelized  attention,  loss  of  situational  awareness  and  visual  illusions, 
are  also  frequent  causes  or  contributing  causes  of  TfiF  mishaps  today.  Accelerative 
forces  are  the  basis  for  most  of  these  HF  problems.  Table  III. 

HUMAN-FACTOR  PROBLEMS  RELATED  TO  ACCELERATIVE  FORCES 

1.  GIC  on  a  physiological  basis 

2.  GLC  on  a  basis  of  preexisting  medical  problems 

(cardiac  defects,  cardiac  arrhythmia) 

3.  Grey-out/blackout  -  channelized  attention  - 

'loss  of  situational  awareness" 

4.  Spatial  disorientation  -  illusions 

5.  Musculoskeletal  pain/injury  -  distraction 

Table  III 


An  approach  to  reducing  the  problems  related  to  hlgh-G^  must  be  multifaceted: 

1.  Better  medical  selection. 

2.  Better  education  and  training. 

-  Fighter-specific  physiological  training 

3.  Improved  life -support  equipment. 

4.  Good  physical  conditioning. 

5.  Research  and  development  (RSD) 

WHERE  WE  HAVE  BEEN  -  PAST  INITIATIVES 

1.  1977  was  an  Index  year  for  the  USAF  medical  service.  Three  things  of  importance 

occurred  which  sharply  focused  our  attention  on  the  "human  element." 

a.  During  a  short  period  of  time  in  1977,  there  were  three  fatal  mishaps 
involving  crew  members  with  advanced  coronary  artery  disease  (CAD).  One  45-year-old  wing 
commander  experienced  a  heart  attack  on  final  approach  and  died  shortly  after  landing. 
Three  young  crewmembers,  age  24  to  25,  were  found  to  have  advanced  coronary  disease  at 
autopsy  following  two  fatal  F-4  mishaps. 

These  mishaps  led  to  high-level  interest  in  the  USAF  and  direction  to  develop  a 
program  to  identify  crewmembers  at  risk  for  developing  CAD,  and  direction  to  develop  more 
sensitive  methods  to  detect  existing  coronary  disease, 

b.  Also  in  1977,  consultants  at  USAFSAM  first  expressed  concern  about  the 
increased  stresses  associated  with  the  new  high-performance  fighters  (F-15/16)  which  were 
entering  the  inventory.  Of  particular  concern  were  the  high-G  forces  and  the  increased 
probability  of  pilot  incapacitation  due  to  unrecognized  cardiovascular  defects. 

During  1977  we  also  began  to  receive  official  and  unofficial  reports  of  a 
sudden  loss  of  consciousness  due  to  high-G  forces  in  these  new  fighters,  The  GLC 
occurred  without  the  classic  preliminary  warning  provided  by  "grey-out"  and  “blackout". 
This  new  phenomenon  was  studied  and  documented  in  the  Crew  Technology  Division  of  USAFSAM, 
Since  then,  we  have  learned  that  "sudden  GLC"  occurs  in  a  wide  variety  of  fighter  systems 
and,  until  recently,  such  events  have  been  seriously  under-reported.  We  strongly  suspect 
that  many  fatal  misliaps  over  the  past  deoade  signed  out  as  "cause  unknown"  were  due  to 
GLC. 


2.  These  events  in  1977  eventually  led  to  a  worlcshop  on  “Pilot  Selection  and  Flying 
Physical  .Standards  for  the  19808"  which  was  held  at  Brooks  AFB  in  1979.  About  SO  senior 
medical  consultants  and  line  officers  from  20  Air  Force  agencies  participated. 

During  the  workshop,  consultants  identified  a  number  of  medical  conditions  which 
would  be  detrimental  to  a  pilot  flying  fighter  aircraft.  Our  Class  I  flying  ptiysloal 
standards  were  found  to  be  adequate.  Most  of  the  conditions  weie  listed  in  APR  160-43  as 
medically  disqualifying  for  flying  training.  There  were  three  primary  concerns: 
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a.  Many  of  the  medical  conditions  could  not  be  detected  by  the  Class  I  flying 
examination  procedures  in  use. 

b.  some  of  these  conditions,  primarily  cardiovascular,  could  result  in  pilot 
incapacitation  and  a  fatal  aircraft  mishap. 

c.  other  conditions,  musculoskeletal  for  example,  could  be  aggravated  by 
repeated  exposure  to  high-G  resulting  in  premature  attrition  of  fighter  pilots  from  the 
TAF. 

The  workshop  made  a  number  of  important  recommendations,  including: 

a.  Additional  examination  procedures  for  fighter  pilot  selectees. 

b.  High-G  training  for  fighter  pilots, 

c.  More  conservative  visual  standards  and  waiver  policy,  A  20/20  standard 
without  glasses  for  fighter-pilot  selectees. 

d.  A  cs tegorical  waiver  system  for  rated  flyers. 

3.  considerable  progress  hao  been  made  since  the  workshop  at  Brooks  apb  in  1979: 

a.  In  1981,  a  categorical  medical  waiver  system  replaced  the  rigid  "fly  one, 

fly  all"  waiver  system.  Medical  waivers  can  now  be  granted  in  four  flying  categories. 

Table  IV. 

catkgoricai,  medicai,  waivers 

Flying  Class  II  All  aircraft  systems 

Flying  Class  IIA  Tanker,  Transport,  Bomber 

Flying  Class  1TB  Tanker,  Transport 

Flying  Class  IIC  Other  -  aircraft  aystem(s>  specified 

Table  IV 


b,  A  Coronary  Artery  Risk  Evaluation  (CARE)  program  was  imple.Tiented  USAF-wide 
in  January  1982.  Crewmembers  receive  a  CARE  evaluation  as  a  part  of  every  complete 
physical  examination.  Relative  risk  for  developing  coronary  disease  is  determined  on  the 
basis  of  age,  blood  pressure,  cholesterol  and  smoki.ig  history.  Total  cholesterol/HDI. 
cholc.ete.rol  ratios  arc  also  obtained  a.',  an  additional  aid  in  estimating  risk.  Tlioue  at 
high  risk  are  counseled,  treated  appropriately  and  followed  annually.  Consultation  with 
USAFSAM  is  obtained  Car  those  -At  very  high  risk. 

c,  since  1975,  visual  waivers  had  been  grai:ted  routinely  (  20/50  DVA,  -1.25  RE! 
to  any  pilot-training  candidate.  OSAF  Academy  candidotes  received  waivers  beyond  this 
limit)  one  up  to  20/200  DVAt  By  1980,  concerns  about  this  lenient  waiver  policy  reached  a 
high  level.  That  year,  ibout  800  of  1,575  (38'«)  pilot-training  graduates  required  glasses 
to  fly.  At  the  USAF  Academy,  only  36%  of  the  class  of  1980  (504  students)  were  qualified 
for  pilot  training  without  n  waiver.  Seventy-three  percent  (73%)  of  the  medical  waivers 
were  for  visual  problems. 

In  1582,  top  Air  Force  leaglers  stopped  this  lenient 
visual  waiver  policy.  Pilot  candidates  entering  the  USAF  Academy,  ROTC  and  Officer 
Trailing  School  are  now  required  to  meet  the  20/20  standard  without  waivers. 

d,  During  198.1,  a  working  group  of  cor  jultants  from  USAFSAM,  the  Air  Force 
Surgeon  Genezal'e  office  and  the  Air  Txaininy  Command  Surgeon’s  staff  met  on  a  number  of 
occasions  to  develop  improved  medical  selection  ptoceduret  for  pilot  training.  Revised 
selection  standards  Cor  familial  hypercholesterolemia  and  the  musculoskeletal  system  were 
eotablished.  The  working  group  agreed  that  additional  cardiac  and  spinal  examination 
procedures  were  required  for  fighter  pilot  selectees.  It  vras  also  agreed  that  the 
echocardiogram  would  be  the  best,  single  cardiac  procedure  to  use.  Dr.  Hickman  will 
provide  specific  rationale  for  this  position  in  his  presentation. 


e.  In  1983  selection  rtanderds  for  hyperllpldemias  were  implemented  and  we  began 
cholesterol  testing  for  all  candidates  fo.r  flight  training.  Those  found  to  have 
hyperlipidemia  are  disqualified  for  flight  training.  Fully  trained  flyers  found  to  have 
hyperlipidemia  are  not  disqualified.  They  are  evaluated  at  their  local  bases  and  followed 
closely . 

f.  The  1979  Brooks  workshop  recomme.ndation  for  high-G  training  was  Ignored  by 
TAG  leaders  for  several  years.  A  number  of  fatal  mishaps  due  to  GUI  over  the  past  two 
years  "shocked"  and  highly  sensitised  the  TAF  community  to  the  high-G  prokOem.  in  1983  an 
anonymous  survey  (Air  Porce-wide)  accomplished  by  the  Ait  Force  Safety  Center  revealed  GUC 
to  be  a  common  occurrence  in  a  wide  variety  of  fighter  aircraft.  Educational  efforts, 
including  briefings,  magazine  articles  and  videotape  presentations  were  intensified  in 
1983. 

Also  In  1983,  the  commander  of  TAC  (Tactical  Air  Command)  endorsed  the  need  for 
hlgh-G  (centrifuge)  training  for  fighter  pilots.  He  also  agreed  to  a  proposal  to  establish 


a  Physiological  Training  Center  (PTC)  for  the  Lead-in  Fighter  Training  (LIFT)  course  at 
Holloman  AFB  -  which  would  include  high-G  training. 

As  an  interim  measure,  high-G  training  is  now  being  accomplished  at  USAFSAM. 
European-baaed  crews  are  receiving  training  in  the  Dutch  centrifuge.  Pacific-based  crews 
will  soon  begin  training  in  dapan.  The  centrifuge  at  Broo>?«  was  upgraded  in  late  1984  and 
is  now  capable  of  an  onset  rate  of  6Ga  per  second.  Training  includes  typical  high-G 
fighter  profiles  up  to  9Gj  and  a  "tracking"  taB)c.  Current  training  efforts  have  been  well 
received  by  the  fighter  community  and  have  revealed  that  many  experienced  tighter  pilots 
are  not  using  the  correct  technique  in  performing  the  "straining"  (L-l/M-1)  maneuver. 

CURRENT  AND  FUTURE  INITIATIVES 

1.  General  Jerome  F.  O'Malley  assumed  command  of  TAG  in  October  1984  and  listed 
hi.gh-G  and  GLC  as  one  of  the  top  problems  facing  the  TAF  today.  By  his  direction,  a 
headquarters  TAG  working  group  was  formed  to  study  the  issue,  propose  additional  actions 
and  closely  monitor  on-going  initiatives  and  research  efforts. 

2.  Plans  to  establish  a  Physiological  Training  Center  (PTC)  at  Holloman  APB  for  the 
LIFT  course  are  on  track.  We  expect  this  facility  to  open  in  inid-1986.  The  PTC  will 
provide  fighter  pilot  selectees  "fighter-specific*  physiological  training  about  one  year 
after  Initial  physiological  training  which  they  receive  early  ir  pilot  training.  This 
course  will  emphasize  human-factor  problems  of  importance  in  the  fighter  environment,  such 
as : 

a.  GLC 

b.  Spatial  disorientation 

c.  Visual  illusions,  distraction,  perceptual  problems 

d.  Hypoxia/hyperventilation 

e.  Self-imposed  stresses 

f.  Physical  conditioning 

The  course  will  Include  “case  discussions"  of  recent  mishaps  involving  GLC,  SD  and 
other  human-factor  variables.  Training  aids  will  include  a  centrifuge,  altitude  chamber,  a 
spatial  disorientation  training  device  and  new  training  films  and  videotapes, 

3.  Recently  TAC  requested  Air  Force  Systems  Command  (AFSC)  to  review  all  aspects  of 
high-u  tolerance  and  piotectiun  and  acce  lei  a  Le  RiiD  efforts  where  apprcprlatc,  We 
specifically  asked  AFSC  to  focus  on  the  following  issues: 

a.  Does  3.00s  O2  provide  any  advantages  or  disadvantages  in  the  high-G 
environment? 

b.  Are  the  reported  advantages  (less  fatigue)  of  positive-pressure  breathing 
significant  enough  to  consider  modification  of  any  current  fighter  airciaft? 

c.  Status  of  R4D  efforts  for  a  new  generation  G-sult? 

d.  A  better  definition  of  the  physiology  associated  with  the  first  few  seconds 
(1-10)  of  rapid  onset  of  high-G  forces. 

e.  A  study  of  pilots  with  very  low  resting  pulse  rates.  A  number  of  pilots 
recently  involved  in  fatal  GDC  mishaps  were  noted  to  havo  very  low  (<50/mln)  resting  pulse 
rates  In  the  absence  of  a  regular  exercise  history.  What  is  the  significance  of  this 
observation? 

£.  Recent  air-to-air  GDC  fatal  mishaps  have  involved  pilots  in  the  neutral  or 
defensive  posture.  F-16  pilots  generally  do  not  use  the  300  tilt-back  seat  when  In  a 
neutral  or  defensive  maneuvering  position.  In  what  way  and  to  what  degree  does  bending 
forward  and  looking  over  the  shoulder  affect  the  etraining  maneuver  and  G-tolerance? 

g.  The  requirement  for  initial  high-G  training  is  fully  accepted  by  the  fighter 
community.  Is  tecurrent  high-G  training  required,  and  if  so,  at  what  frequency? 

Note:  A  high-flow  anti-G  valve  to  replace  the  standard  valve  in  the  F-lS,  F~15 
and  A-10  aircraft  has  been  approved.  Delivery  and  installation  of  the  first  valves  are 
sciieduled  for  May  1985.  AFSC  Is  continuing  research  efforts  with  a  high-flow, 
ready-pressure  (HFRP)  valve  and  two  servo-controlled  anti-G  valves.  One,  a  US 
Navy-dove lope<l  valve  which  has  an  accelerometer  to  sense  G  forces  and  provide  immediate 
maximum  flow  to  the  O-sult,  has  promise^  The  other  is  an  electronically  controlled 
high-flow  servo  valve,  A  G-onset  sensor  actuates  the  "press  to  tost"  button  and  provides 
full  pressure  for  2  seconds.  Initial  evaluation  of  this  valve  In  the  A8D  centrifuge  by 
USAF  pilot  physicians  was  also  promising. 

In  1982,  an  exercise  program  appropriate  for  fighter  pilots,  involving  weight  lifting 
and  moderate  aerobic  exercise,  was  defined  and  provided  to  operational  units,  such  a 


proqram  will  clearly  increase  a  pilot's  tolerance  and  endurance  to  high-G,  i.c.,  he  can 
handle  high-G  forces  Cor  a  longer  period  before  the  onset  of  fatigue.  Two  significant 
benefits  are  obvious.  First,  the  pilot's  capability  to  effectively  perform  in  the  modern 
tighter  environment  is  enhanced.  Secondly,  the  potential  for  GLC  incidents  is  reduced.  An 
analysis.'  of  ttie  last  five  air-to-air  GIX2  mishaps  revealed  none  occurred  on  the  first 
i,..jdqoraent .  One  mishap  occurred  following  the  second  engagement,  two  on  the  third  and  one 
on  the  fourth. 

One  could  construct  a  future  air-to-air  engagement  between  two  adversaries  flying 
comparable  fighters  whore  the  outcome  is  decided  solely  on  the  basis  of  who  is  in  the  best 
physical  conilitlon,  has  the  greatest  endurance  and  can  "pull"  the  most  "Gs.” 

The  value  of  a  conditioning  program  to  increase  the  strength  of  neck  muscles  is 
especially  important  today.  Neck  "sprains  and  strains"  have  been  a  common  occupational 
hazard  for  fighter  pilots  for  many  years.  In  the  past,  most  neck  injuries  have  been  minor. 
Today  we  are  beginning  to  see  some  serious  neck  injuries.  One  TAC  base  has  had  five 
serious  injuries  in  the  pa.st  year.  Two  involved  compression  fractures  (10%  and  25%>  of 
cervical  vertebra:  two  involved  herniated  cervical  disc;  and  one  a  serious  strain  of  an 
intraspinal  cervical  ligament.  Most  of  these  injuries  could  have  been  prevented  by  a  good 
conditioning  program. 

Today  the  value  of  a  regular  exercise  program  tor  fighter  pilots  is  recognized  and 
encouraged  by  TAF  loaders.  Compliance  has  been  poor  in  the  absence  of  a  mandated  program. 
Busy  flying  schedules  and  work  days  and  the  absence  of  good  exercise  eguijment  which  is 
readily  available  ate  significant  obstacles  which  T  feel  we  can  overcome.  We  have  proposed 
a  mandatovy  physical  conditioning  program  for  fighter-pilot  trainees  whicl  should  be 
approved  in  the  near  future. 

5.  A  final  issue  involves  the  requirement  for  additional  medical  examination 
procedures  for  f ighte t -p i lot  selectees.  As  1  mentioned  before,  consultants  at  the  1979 
Bi'ooks  work.shop  identified  a  number  of  medical  conditions  which  are  detrimental  to  a  pilot 
flying  figiiLei  aircraft.  Some  of  these  conditions  could  result  in  pilot  incapacitation; 
other  conditions  could  be  aggravated  by  repeated  exposure  to  high-G  resulting  in  premature 
attrition  of  pilots  from  the  TAF. 

The  prevalence  of  these  conditions  is  known  to  be  about  five  percent  (5%)  in  a  young 
pi lot'cand Idate  population.  Our  current  examination  procedures  (Class  I  flying  exam)  are 
not  adequate  to  detect  (nany  of  these  conditions.  A  review  of  28,069  exams  accomplished  on 
USAP  Academy  applicants  revealed  we  ace  missing  about  3.7%  of  these  conditions.  Table  V. 

OSAF  ACADEMY  APPLICANT  PHYSICAL  EXAMS* 

1981-1982  CYCLE 

CONDITIONS  WGRA'v'ATEC  BY  KIGH-G  FO'.'ND 

Cardiovascular  140 

Non -card  i  a';  45 

Musculoskeletal  175 

Total  'l60** 

*  28,069  exams  reviewed. 

••  360  t  28,069  “  1,3%  (conditions  found) 

-  prevalence  “  5.0% 

-  3.7%  conditions  missed 

Table  V 


Most  conditions  of  concern  eftn  be  detected  by  the  addition  of  two  examination 
procedures — an  echocardi(3gra[(\  and  spine  series. 


As  I  have  mentioned,  back  and  neck  pain  have  been  common  In  fighter  pilots  for  years. 
Me  are  beginning  to  see  some  serious  neck  injuries.  Me  really  don't  know  the  long-term 
effects  on  the  spine  of  repeated  exposure  to  hlgh-G.  A  spine  series  woul(3  serve  two 
purposes.  First,  to  select  trainees  with  normal  spines  and,  second,  to  establish  a 
baseline  for  future  comparison  should  symptoms  develop  or  injuries  occur, 

IN  CONCLUSION 

From  an  aeromedical  perupective,  we  have  two  irvigor  goals  ^or  the  Tactical  Air  Force. 
The  first  Is  to  reduce  the  aircraft  mishap  rate  due  to  human-factor  variables.  The  second 
is  to  enhance  our  pilots'  capability  to  perform  in  the  modern  fighter  environment. 

Fighter  pilots  can  perform  in  the  90*  environment  effectively  and  safely  If  they  are 
properly  selected,  educaLed  and  trained.  Our  fighter  pilots  today,  in  addition  to  being 
good  aviators,  smart  and  aggressive,  must  be  physically  healthy  an(3  in  excellent  physical 
condition.  They  must  have  a  thorough  understanding  of  hlgh-O  physiology  and  their  own 
personal  "physiological  flight  envelope."  Accomplishing  the  variety  of  initiatives 
required  to  realize  these  goals  is  an  exciting  challenge  for  the  aerospace  medicine 
co(nmunity . 


DM 


niSCPSSlON  OF  SESSiON  II  -  MEDIDAL  SELECTION;  GF-NERAl,  ASPF.CTS 

(Papers  29  and  30) 

QUESTIONER  NOT  IDENTIFIED 

Ccl  Hickman,  coMiri  you  please  Rive  more  specific  information  on  the  question  of  hypercholesterolaenila? 
AUTHOR'S  REPLY  (COL  HICKMAN  (US)) 

Yes,  in  fact  in  my  own  paper  which  follows  this  session,  Hi  discuss  a  proposed  criterion  for  the  reieetion  of 
pilot  applicants  for  hypcrlipldacmia.  The  problem  basically  is  attempting;  to  predict  in  individuals  who  are  21 
years  old,  who  is  Roing  to  have  coronary  artery  disease  later  in  life.  We  look  at  premature  coronary  artery 
disease  in  the  family  as  oecurring  if  there  is  a  first  degree  relative,  a  father,  mother,  brother  or  sister,  with 
a  coronary  event  under  the  age  of  6S.  Most  of  our  applicants  of  21  years  of  age  do  not  have  family 
histories  because  their  families  are  generally  not  old  enough  to  have  met  that  criterion.  Family  history  has 
been  of  little  value.  Further,  in  any  regression  equation,  a  yes/no  answer,  which  is  a  dichotomous  variable,  if 
misideiitified  causes  a  (najor  perturbation  in  the  equation.  Family  history  has  not  been  very  helpful  for  those 

two  reasons.  Hypertension,  by  the  time  we  are  considering  people  for  pilot  training,  is  at  a  very  very  low 

rate  and  has  been  of  mlnfmal  value.  Smoking;  we've  not  yet  disqualified  people  from  flying  training  because 
they  smoke.  About  a  decade  ago  about  20%  of  the  cadets  at  the  Academy  smoked;  torlay  only  about  6%  of 
the  cadets  smoke  tobacco.  Sc  when  you  come  right  down  to  trying  to  predict,  at  age  21,  who  is  going  to 
develop  coronary  artery  disease  late  in  life  you  are  pretty  much  resigned  to  using  lipids.  The  previous  criteria 
that  we  have  tried  to  apply  (combining  lipid  levels  with  other  family  history,  smoking  and  blood  pressure) 
increase  the  predictive  value  to  such  a  small  extent  that  by  and  large  we  are  looking  at  the  cholesterol  and 

high  density  lipoprotein  (HDL).  We  are  presently  looking  at  the  predictive  value  of  suhfraetions  of  HDL.  In 

our  current  proposed  standard  300  mg  percent  In  an  applicant  for  pilot  training  will  be  considered  the  cut  off 
level.  Thus,  if  the  cholesterol  is  300  mg  percent  or  greater,  or  the  ratio  of  eiiolestcrol  to  HDL  is  fi  or 
greater,  that  individual  is  counselled  In  the  effects  of  diet,  body  weight  and  exercise  and  also  the  effects  of 
smoking  on  HDL,  because  smoking  lowers  HPL.  And  then  a  month  or  perhaps  2  months  later  a  repent  of  the 
lipid  values  is  obtained.  Hyperlipidaemia  Is  diagnosed  if  the  scrum  cholesterol  is  300  or  greeter  or  the  ratio 
of  cholesterol  to  HDL  is  £  or  greater.  An  individual  with  hyperlipidaemia  is  not  accepted  into  pilot  training. 
Obviously  he  is  the  worst  possible  Investment. 

COL  VAN  DF.N  BIGGELAAR  (NL) 

1  would  like  to  ask  Dr  Hickman  whether  spinal  X-rays  are  being  taken  in  the  USAP?  If  so,  do  you  have  a 
washout  rate  of  about  as  you  predicted?  We  have  found  that  our  washout  rate  using  purely  radiological 
changes  In  the  spinal  column  Is  much  higher  than  5%. 

AUTHOR'S  REPLY  (COL  HICKMAN  (US)) 

1  believe,  as  is  the  ease  with  many  criteria  which  arc  totaliy  arbitrary  at  the  beginning,  it  will  he  excessive. 
Depending  upon  where  you  set  your  criteria,  the  losses  to  training  con  be  adjusted.  What  we  really  need,  in 
order  to  answer  your  question,  is  a  dual  track  training  a  oproaeh  so  that  age  matched  cohorts  of  individuals 
who  enter  tanker,  bomber  and  transport  training  at  the  same  time,  at  the  same  age  with  all  matched 
attributes  can  be  looked  at  and  compared  to  fighter  pilots.  Only  in  the  long  term  epidemiological  approacli 
can  anyone  give  an  Intelligent  and  reasonable  answer  to  your  question.  We  have  not  yet  started  conducting 
spinal  X-rays.  One  of  the  arguments  that  recurs  continually  Is  that  most  of  the  operators,  the  line  officers, 
went  all  of  the  medical  selection  tests  performed  before  the  applicant  attends  the  first  class  in  pilot  training. 
And  yet  we  cannot  ethically  Impose  the  associated  radiation  exposure  on  the  half  of  our  aircrew  who  are 
never  going  to  fly  in  tactical  aircraft.  Wc  are  trying  to  reach  some  sort  of  agreement  with  the  operators  on 
this  question  und  have  not  yet  introdiiced  spinal  X-rays  into  pilot  selection. 

COL  VAN  DEN  BIGGELAAR  (NL) 

The  dual  track  system  Is  practicable  for  large  air  forces  but  I  think  most  of  the  smaller  F.ur.-jpean  air  forces 
cannot  afford  this  luxury.  Their  nlrcrciv  train  for  one  specific  type  of  aircraft  which  in  most  cases  is  the 
fighter  aircraft  sirmc  the  smaller  nations  only  have  a  very  small  fleet  of  transports  or  bombers. 

AUTHOR'S  REPLY  (COL  HICKMAN  (US)) 

You  will  notice  in  the  following  presentation  that  I  am  go'ng  to  give,  the  dual  track  system  will  eliminate 
some  aircrew  who  have  already  had  a  small  amount  of  flying  training.  The  branching  point  into  tanker, 
bomber,  transport  and  fighter  attack/reconnaissance  will  occur  relatively  early.  For  most  air  forces  I  feel  that 
rcleeting  someone  who  has  had  any  training  Is  not  cost  effective  h"t  when  we  weigh  the  few  Individuals  who 
will  be  removed  at  the  branching  point  the  expense  is  not  nearly  as  grest  as  the  enormous  burden  which 
would  be  associated  with  cardiovascular  and  spinal  screening  of  those  individuals  on  the  day  they  begin  pilot 
training.  For  instance-,  wc  would  have  to  put  a  cardiologist  at  each  of  our  Air  Training  Command  bases  for 
cardiovascular  screening  and  these  bases  have  a  predominance  of  very  young  subjects  so  that  there  is  no 
otner  requirement  for  a  cardiologist.  Our  problems  are  very  different  and  I  think  everyone  would  agree  that 
you  have  to  look  at  your  own  situation. 

LT  COL  VAN  DEN  BOSCH  (BE) 

I  would  like  to  ask  Dr  Gray  for  an  explanstion  as  to  why  the  proportions  of  candidates  rejected  by  the 
medical  board  for  FFG  abnnrmalftfea  la  lh»  same  as  that  for  defective  vision?  This  finding  Is  rather  surprising 
as  wc  reject  less  for  EEG  abnormalities  than  for  vision  defects.  I  also  have  another  question.  Dr  Gray  said 
that  candidates  with  hypertension  will  be  rejected.  I  would  like  to  know  how  ;nany  times  the  blood  pressure 
is  measured  and  how  It  Is  done,  every  week  for  example?  What  levels  of  blood  pressirre  are  considered  as 
disqualifying? 


n:  ’ 


AUTHOH'S  reply  (LT  COL  GRAY  (CA)) 

Th«"  blooH  pressure  criteris  which  we  use  (ire  a  systolit  >140  rrm  Mf;  or  a  diastolic  >90  mm  Hp  on  repeated 
determinations  -  not  only  at  the  Central  Medical  Board  but  before  on  the  Initial  enrolment  meillcal  and  then 
aftain  afterwards  at  further  follow-up  cither  by  the  family  doctor  or  back  at  tl  ''  RecruitinK  Centre.  So  If  we 
document  a  sustained,  repeated  systolic  pressure  above  140  mm  Hg  or  sustained,  repeated  diastolic  pressure 
above  90  mm  Hg  we  reject  the  candidate.  Was  there  nnother  question? 

LT  COL  VAN  GEN  BOSCH  (BE) 

Yes  you  reject  as  many  candidates  for  EEO  abnormalities  as  for  the  vision  defects  The  experience  of  other 
air  forces  including  our  own  is  that  more  rejections  are  for  vision  than  for  EEO  abnormalities. 

AUTHOR'S  REPLY  (LT  COL  GRAY  (CA)) 

Right,  I  understand  your  qiiestion.  The  rejections  arc  approxunnlely  equal  at  Central  Medical  Board  because 
thr  candidates'  vision  has  already  been  screened  at  the  Recruiting  Centre  before  they  come  to  Central 
Medical  Board  so  that  the  number  of  visual  rejections  at  the  Board  is  only  a  small  proportion  of  all  those 
rejected  for  vistial  defects.  The  electrociioephalograhpic  rejections  which  were  high  in  the  past  are  now  lower 
because  we  arc  now  reject  only  tliose  candidates  who  have  type  .1  specific  abnormalities.  TYicse  are  then 
confirmed  on  follow-up  EEC  with  sleep  deprivation. 

DR  ALNAES  (NO) 

A  question  for  Dr  Hickman  regarding  Gen  DeHart's  paper.  You  said,  as  I  understood  it,  that  the  waivering 
policy  for  visual  criteria  was  such  that  the  situation  in  the  USAF  a  few  years  ago  was  that  of  fighter 

pilots  were  spectacle  wearers  and  that  enforeement  of  the  new  visual  waiver  policy  would  decrease  this 
incidence.  How  much  has  the  proportion  of  spectacle  wearers  decreased  over  the  last  few  years? 

AUTHOR'S  reply  (COL  HICKMAN  (US)) 

I'm  sorry  I  don't  know  the  answer  to  your  question.  I  doubt  that  the  numbers  have  changed  significantly  since 
the  policy  is  very  new.  It  was  Introduced  in  1982.  I  doubt  that  Its  been  in  operation  long  enough  to  make  a 
difference.  I  v(ill  certainly  find  the  answer  to  your  question  for  you. 

DR  ALNAES  (NO) 

But  I  do  understand  you  correctly  in  the  sense  that  the  waivering  policy  now  in  1985  is  quite  different  from 
the  waivering  policy  of  1982/81? 

AUTHOR'S  REPLY  (COI,  HICKMAN  (US)) 

Absolutely,  from  a  visual  standpoint  we  are  returning  to  the  concept  that  If  you  want  to  have  the  best  at 
age  30  you  have  to  choose  the  best  at  age  21.  We  did  that  for  many  many  yenrs  but  various  kinds  of 
pres-sure  were  brought  to  bear.  A  great  dca!  Of  money  is  expended  on  training  an  Air  Toree  Academy  cadet 
and  largo  numbers  of  them  actually  entered  pilot  training  even  though  their  vision  was  sub  standard  compered 
to  previous  years. 
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SUMMARY 

Cardiovascular  selection  and  retention  standards  for  aircrew  involved  in  the  op¬ 
eration  of  high  performance  aircraft  during  the  next  decade  must  be  based  upon  a  number 
of  considerations  which  are  primarily  epidemiological  In  nature. 


selection  STANDARDS 

Standards  for  the  selection  of  a  21-year-old  applicant  for  high  performance  flying 
(HPF)  training  must  recognize  that  very  few  real  cardiovascular  abnormalities  exist  in 
a  training  age  population.  The  first  question  then  becomes,  wliich  cardiovascular  ab¬ 
normalities  may  be  reasonably  identified  by  contemporary  diagnostic  tools  in  a  training 
age  population?  Then,  of  those  disorders  which  may  be  detected  in  a  young  population 
by  current  technology,  which  disorders  are  aggravated  by  rapid  onset,  high  sustained 
+G2  forces?  Further,  which  diagnostic  tools  ate  the  most  cost  effective  in  screening 
for  these  disorders  in  a  young  population? 

Once  selected  for  training,  the  focus  of  cardiovascular  standards  must  then  shift 
to  those  cardiovascular  disorders  which  are  most  likely  to  be  present  in  the  middle- 
aged  aviator.  If  careful  selection  screening  has  ruled  out  structural  heart  defects 
prior  to  training,  coronary  artery  disease  represents  the  overwhelming  luojoiily  of 
medical  dealii  and  disability  among  aircrew  in  the  industrialized  nations.  Coronary 
artery  disease  remains  the  leading  nontraum.iti  c  cause  of  death  among  United  .States  Air 
Force  (uSAF)  aviators.  Thus,  catdiovasculai  retent  ion  criteria  for  HPF  must  focus 
primarily  on  coronary  disease  as  the  defect  most  likel’y  to  be  aggravated  by  HPF.  Fur¬ 
ther,  the  presence  of  coronary  artery  diseast  in  middle  age  is  in  large  part  determined 
by  the  occurrence  of  classical  risk  factors.  To  the  extent  that  risk  factors  predict 
disease  probability,  coronary  risk  assessment,  particularly  lipids,  is  a  selection  item 
in  young  trainees.  A  summary  of  selection  Issjes  follows. 

issues  in  .Selection  of  HPF  Pilot  Trainees  by  Cardiovascular  Tests 

1.  Which  diBcasa  processes  are  present  and  detectable  in  a  21-year-old  appli¬ 
cant? 


2. 
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i Which  cardiovascular  noninvaslve  tests  may  be  applied  to  training  applicants, 
and  what  do  they  mean? 

In  the  USAF,  the  predominant  cardiovascular  abnormalities  in  a  training  age  popu¬ 
lation  are  congenital  and  valvular  lesions  such  as  mitral  valve  prolapse,  aortic  valve 
lesions,  undetected  atrial  and  ventricular  septal  defects,  and  hypertrophic  cardio¬ 
myopathies,  Beyond  these  disorders,  few  other  types  of  cardiovascular  abnormalities 
exist  with  any  frequency  in  a  healthy  population.  Conduction  disturbances  and  Some 
arrhythmias  represent  potential  cardiovascular  disease  in  a  training  population.  While 
one  would  expect  to  find  virtually  no  anatomic  coronary  disease  in  a  training  age  popu¬ 
lation,  lipid  patterns  predictive  of  a  nigh  risk  for  the  later  development  of  obstruc¬ 
tive  coronary  disease  may  clearly  be  detected  in  21-yeac-old  applicants.  Thus,  one 
finds  the  following  areas  which  may  be  reasonably  considered  as  selection  Items  in  a 
training  age  population: 

1.  conduction  defects  and  complex  arrhythmias 

2.  Convtnital  heart  lesions 
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3.  Valvulai:  heart  lesions 

4.  Coronary  risk  factors 

Electrocardiographic  Findings 

The  USA.F  currently  views  only  a  few  electrocardiographic  (ECO)  findings  as  abso¬ 
lutely  unacceptable  for  all  flying  training.  These  findings  are  as  follows: 

1.  Wol f f-Par kl nson-Whi te  ECG  finding 

2.  Left  bundle  branch  block 

3.  Complete  heart  block  (not  A-V  dissociation  due  to  increased  vagal  tone) 

4.  Second  degree  .A-V  block.  Mobits  TI 

5.  Supraventricular  tachycardia 

6.  Ventricular  tachycardia 

However,  the  screening  of  HPF  applicants  (or  applicants  for  any  type  of  pilot  training) 
with  either  exercise  treadmill  or  ambulatory  electrocardiography  must  be  approached 
with  great  caution.  With  regard  to  the  treadmill,  what  information  does  one  expect  to 
derive  from  the  use  of  maximal  exercise  testing  in  an  applicant  population?  The 
Bayesian  distribution  of  abnormal  test  results  in  this  population  of  very  low  disease 
density  dictates  that  virtually  all  abnormal  ST  segment  responses  will  be  "false  po.si- 
tives."  The  same  Bayesian  distribution  problem  also  virtually  assures  that  any  abnor¬ 
mal  radionuclide  study,  such  as  thallium  scintigraphy,  done  in  follow-up  of  this 
abnormal  ST  response,  will  virtually  always  be  a  "false  positive"  also.  Thus,  one 
detects  little  structural  disease  with  stress  testing  in  a  training  age  population. 
Further,  one  is  assured  that  the  bulk  of  abnormal  tests  will  be  falsely  abnormal.  In  a 
population  of  very  low  disease  density,  large  numbers  of  falsely  abnormal  tests  lead  to 
further  testing,  eventually  becoming  prohibitive  in  terms  of  manpower  and  materiel  ex¬ 
penditures.  While  the  stress  test  may  be  useful  quite  independently  as  a  means  to 
precipitate  arrhythmias,  it  must  be  recognized  that  no  standards  exist  in  a  healliiy 
population  for  exercise-induced  arrhythmias.  The  USAF  School  of  Aerospace  Medicine 
(USAFsam)  studies  in  exercise-induced  arrhythmias  have  indicated  that  the  true  signifi¬ 
cance  of  stress  arrhythmias  depends  upon  the  presence  or  absence  of  underlying  organic 
disease,  since  complex  atrial  and  ventricular  arrhythmias  may  be  frequently  seen 
in  healthy  subjects  with  no  structural  lesions.  Also,  if  one  finds  complex  ectopy  at 
exercise  in  a  young  person,  one  is  still  obliged  te  search  for  the  presence  or  absence 
of  underlying  heart  disease.  While  blood  pressure  responses  to  exercise  may  identify 
some  persons  with  hypertensive  tendencies,  no  natural  history  data  exists  upon  which  to 
declare  a  given  blood  pressure  response  as  "normal"  or  "alsnormal."  Lastly,  one  may 
defend  the  stress  test  as  simply  a  functional  capacity  test.  However,  this  seems  a 
rather  expensive  method  of  determining  results  largely  influenced  by  aerobic  condition¬ 
ing  rather  than  the  determination  of  cardiovascular  attributes  desirable  in  HPF, 

Ambulatory  Electrocardiography 

If  one  applies  Holter  monitoring  to  a  large  population  of  healthy  subjects,  a  wide 
variety  of  arrhythmias  will  be  seen,  most  of  the  arrhythmias  occurring  in  those  with  no 
otganii  or  structural  defect.  As  in  stress  tasting,  standards  for  these  arrhythmias  in 
a  liealtny  population  are  nonexistent.  Not  only  are  remarkable  degrees  of  ectopy  found 
in  healthy  subjects,  the  high  degree  of  vagal  tone  in  a  population  of  wel 1 -cond i t i oned 
applicants  ensures  that  bradyarrhytbroias  and  A-v  dissociation  will  occur  frequently. 
And,  having  found  a  potential  abnormality  on  Holter,  one  roust  now  search  for  organic 
structural  lesions. 
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The  Echocardiogram 

The  echocardiogram  is  the  contemporary  nonlnvasive  too)  most  likely  to  detect  the 
common  structural  defects  In  a  training  age  population.  The  echocardiogram  is  nonln- 
vasive,  gives  both  anatomic  and  resting  functional  data,  and  detects  the  majority  of 
aetomedical iy  significant  structural  1'  ions  such  as  valvular  lesions,  mlseed  congeni¬ 
tal  lesions,  and  cardiomyopathies,  Fui  her,  the  echocardiogram  Is  an  excellent  base¬ 
line  test,  for  changes  in  the  echocardiogram  over  time  are  almost  autoly  due  to 


acquired  disease  states.  The  echocardiogram  may  also  form  the  basis  of  an  epidemio¬ 
logical  study  of  the  cardiovascular  effects  of  repetitive  HPF.  The  USAF  i.s  considering 
the  institution  of  echocardiographic  screening  (both  M-mode  and  two-dimensional  stud¬ 
ies)  on  all  HPF  candidates  as  the  first  step  in  the  construction  of  a  central  long-term 
echocardiographic  repository  of  all  HPF  pilots.  We  estimate  that  the  prevalence  of 
abnormal  echocard i ogtama  will  be  in  a  training  population. 

R i sk  Factors 


In  addition  to  screening  for  hypertension,  the  USAF  has  added  a  lipid  selection 
criteria  for  all  flying  training.  These  lipid  selection  criteria  may  be  summarized  as 
follows : 

1.  Familial  hyperlipidemias  ate  disqualifying  for  all  training. 

2.  Serum  cholesterol  of  230  mg/dl  necessitates  a  repeat  determination  plus  HDL 
measurement  (after  14-hour  fast). 

3.  As  a  wot)<ing  definition,  familial  hyperlipidemia  will  be  defined  for  aeroraed- 
ical  screening  purposes  as  a  continued  serum  cholesterol  of  250  mg/dl  plus  one  or  more 
of  the  following: 

(a)  HDL  equal  to  or  less  than  15%  of  total  cholesterol. 

(b)  Total  cholesterol  greater  than  300  mg/dl, 

(c)  Xanthelasma  or  xanthomata 

(d)  First  degree  family  history  less  than  60  years  of  age  for  angina, 
infarction,  or  sudden  death. 

While  cigarette  smoking  is  considered  a  major  long-term  risk  for  atherosclerotic  dis¬ 
ease,  obstructive  pulmonary  disease  and  cancer,  the  USAF  has  not  yet  restricted  flying 
training  to  nonsmokers. 

Thus,  we  arrive  at  the  currently  envisioned  initial  noninvasive  screening  battery 
for  HPF  applicants: 

Treadmill  -  No 

Holter  -  No 

Scalar  ECG  -  Yes 

Lipids  -  Yes 

Echo  -  Yea 

Related  issues 


The  application  of  specific  tests  for  high  performance  applicants  raises  a  number 
'r'/‘  related  issues  which  bear  on  the  timing  of  specialized  cardiovascular  tests  such  as 
echocardiography.  Should  screening  by  echocardiogram  be  limited  to  candidates  for  high 
performance  systems  (operational  systems  with  rapid  onset  and  high  sustained  1  capabil¬ 
ity?),  or,  should  all  applicants  for  any  flying  training  receive  such  specialized 
screening?  If  one  subscribes  to  the  "universally  assignable  resource"  concept,  then 
all  pilot  applicants  must  be  capable  of  physical  qualification  for  all  conceivable 
aircraft  systems  within  the  organization.  Such  a  selection  and  training  philosophy  is 
depicted  in  Figure  I. 


^  Complete  Medical  g  Universally 

Applicant  Pool - 9^  Screening  - ►-Assignable 

Applicants 


C  Pilot 

■"^Training 


"Graduate"  E  ^  Training  In 
Pilots  ^Specific  Aircraft 

Figure  I 


Alternatively,  If  the  training  program  is  designed  to  identify  candidates  for  type 
specific  weapon  systems  such  as  f Ighter-attock-reconnaiasance  or  tanker-transport- 
bomber  systems  early  In  the  training  phase,  then  such  a  philosophy  is  depicted  in  Fig¬ 
ure  II. 
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Figure  II 


tinder  a  training  approach  as  in  Figure  I,  echocardiographic  studies  must  be  per¬ 
formed  at  point  "A"  before  any  aviator  training  occurs.  Implicit  in  this  approach  is 
the  necessity  to  declare  echocardiographic  abnormalities  disqualifying  for  training, 
and  thereby  disqualifying  for  all  types  of  aircraft,  thus  preserving  the  "universally 
assignable  resource"  concept.  However,  preliminary  data  from  USAFSAM  indicates  that 
the  two  most  common  asymptoinatic  valvular  lesions  in  the  aviator  population,  mitral 
valve  prolapse  and  isolated  aortic  insufficiency,  ate  compatible  with  long-term  non- 
HPF.  Mitral  valve  prolapse  and  bicuspid  aortic  valves  represent  the  majority  of  the 
valvular  abnormalities  detected  with  echocardiographic  screening.  Currently,  neither 
of  these  valvular  lesions  are  waiverable  for  flying  training  in  the  USAF,  but  both  ate 
waiveiable  for  continued  flying  duties  if  discovered  in  fully  trained  operational  pi¬ 
lots. 


Mitral  prolapse 

Mild,  incidentally  discovered  mitral  valve  prolapse  (MVP)  with  no  significant 
mitral  regurgitation,  chest  pain,  stress  arrhythmias,  or  autonomic  instability  appears 
to  have  an  excellent  prognosis.  Of  253  cases  of  mitral  valve  prolapse  followed 
serially  at  uSAFSAM,  178  have  been  waivered  for  continued  flying  duties.  Of  those  75 
who  were  disqualified,  the  reasons  for  disqualification  are  summarized  in  Table  1. 

Causes  for  Disqualification  With 
Mitral  Valve  Prolapse  (N=75) 


MVP  with  arrhythmias  31 
MVP  with  other  medical  21 
MVP  and  associated  cardiac  disease  7 
MVP  with  conduction  defects  6 
MVP  with  cotonary  disease  5 
MVP  with  chest  pain  2 
MVP  only  (flying  training  subjects)  2 
Other  (non-medical)  1 


Table  I 


For  those  disqualified  due  to  MVP  and  associated  cardiac  disease,  the  causes  ate 
listed  in  Table  II. 


.  MVP  and  Associated  Cardiac  Disease  (N-7) 


Significant  mitral  regurgitation  1 
Aortic  toot  disease/AI  1 
Marfan's  syndrome  1 
Aortic  insufficiency  2 
Rheumatic  heart  disease  1 
Aortic  root  diseaae/no  AI  1 


Table  II 


For  those  disqualified  due  to  arrhythmias,  the  types  of  arrhythmias  are  outlined 
in  Table  III. 

MVP  Arrhythmia  Disqualification  (N>=32) 


Ventricular  ectopy  (Holier)  9 
Stress  arrhythmias  (treadmill)  6 
Ventricular  tachycardia  6 
Supraventricular  tachycardia  11 


Table  III 


It  is  important  to  note  that  even  with  rather  stringent  criteria  for  continued 
flying  status,  over  70%  of  these  MVP  cases  could  be  maintained  on  flying  status.  Fur¬ 
ther,  'follow-up  of  these  grounded  aviators  has  revealed  a  natural  history  free  of  mor¬ 
bid  events,  we  believe  that  the  diagnosis  of  mvp  is  inconsistent  with  higii  performance 
flying  duties  because  of  the  pathophysiological  relatl,on'thip  of  ventricular  volume  and 
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cavity  size  to  leaflet  prolapse.  However,  ir.any  training  candidates  with  asymptomatic 
prolapse  who  have  no  significant  mitral  regurgitation,  no  anaythroias  on  Holter  moni¬ 
toring  or  stress  testing,  and  no  associated  cardiovascular  abnormalities  are  reason¬ 
able  candidates  for  training  into  non-high  performance  systems.  Currently,  MVP  remains 
disqualifying  for  any  fiying  training  in  the  USAF. 

Aortic  insufficiency 

Mild  aortic  insufficiency  (AI),  almost  always  th i  result  of  a  congenitally  bicus¬ 
pid  valve  in  otherwise  healthy  subjects,  is  compatible  with  a  lengthy  flying  career. 
Current  USAF  policy  prohibits  the  entry  of  those  with  mild  AI  into  pilot  training. 
However,  the  lesion  is  usually  waivetable  when  discovered  in  fully  trained  aviators. 
Individuals  with  AI  should  not  be  trained  in  high  performance  systems  because  of  the 
possibility  of  chronic  aggravation  of  the  regurgitant  lesion  by  acceleration. 

However,  USAFSAM  natural  history  studios  have  indicated  that  almost  all  subjects  with 
incidentally  discovered  mild  isolated  AI  could  be  expected  to  finish  a  full  career  in 
tankers-transpor ts-bomhers .  Currently,  AI  remains  disqualifying  for  any  flying  train¬ 
ing  in  the  USAF. 

Fortunately,  mitral  prolapse  and  mild  insignificant  AI  constitute  the  bulk  of  the 
5%  of  subjects  expected  to  have  echocatdiographic  abnormalities  in  a  training  popula¬ 
tion,  Thus,  echocardiographic  screening  could  be  expected  to  reduce  the  candidate  pool 
by  a  full  5%  in  a  screening  schema  which  applies  the  echocatdiographic  screen  at 
point  "A"  in  Figure  I, 

However,  if  echocardiography  is  applied  only  to  those  entering  high  performance 
training  (point  "C"  in  Figure  II),  and  the  majority  of  those  with  mild  structural  ab¬ 
normalities  are  allowed  to  enter  non-high  performance  training,  the  total  applicant 
pool  is  reduced  by  only  1%  since  the  other  4%  may  be  retained  in  non-HPF.  While  many 
cases  of  prolapse  and  AI  may  be  suitable  for  non-high  performance  training,  there  are 
some  structural  lesions  which  we  feel  should  remain  unacceptable  for  all  flying  train- 
:  ng ; 

1.  All  cardiomyopathies,  with  or  without  obstruction 

2.  Aortic  stenosis  of  any  degree 

3.  Mitral  stenosis  of  any  degree 

4.  Mote  than  trivial  mitral  regurgitation 

5.  Ali  unoperated  congenital  lesions 

6>  Most  operated  congenital  lesions 

These  nonwaivetable  abnormalities  comprise  the  minority  of  the  expected  echocardio¬ 
graphic  abnormalities  in  a  training  population. 

Cost  Effectiveness  of  Echocardiographic  Screening 

It  is  not  possible  to  assess  the  cost  effectiveness  of  echocardiographic  screening 
in  a  general  statement.  The  efficacy  of  echocatdiographic  screening  and  the  timing  of 
the  evaluation  are  dependent  upon  factors  unique  to  each  aviation  organization.  Such 
factors  as  available  applicant  pool  size,  size  of  the  aviation  force,  distribution  of 
aircraft  types,  and  early  branching  into  specific  aircraft  types  during  training  will 
affect  the  cost/benefit  ratio.  One  disadvantage  of  specialized  screening  at  the 
"branching  point"  of  a  "dual  track"  training  system  is  that  a  few  subjects  may  be  found 
unsuitable  for  further  training  after  some  funds  for  training  have  already  been  ex¬ 
pended.  These  costs  must  be  weighed  against: 

1.  The  costs  of  removing  high  performance  pilots  from  the  cockpit  as  fully 
trained  aviators  whon  structural  abnormalities  arc  discovered  later  in  the  flying  ca¬ 
reer.  This  cost  is  a  recurrent  one  if  no  echocatdiographic  screening  is  carried  out, 
as  is  currently  the  case  in  the  USAF. 

2.  The  costs  of  screening  all  flying  training  applicants  in  a  "universvlly 
assignable  resource"  scheme. 

Use  of  Invasive  Studies  in  Training  Applicants 

In  the  USAF,  invasive  procedures  have  been  generally  reserved  for  clarification  of 
medical  abnormalities  in  those  who  are  already  trained  to  fly.  We  feel  that  the  use  of 
invasive  procedures  with  some  degree  of  risk,  such  as  left  heart  catheterizations, 
angiography,  and  electrophysiological  studies,  should  be  restricted  to  trained  avia¬ 
tors.  we  feel  that  the  routine  application  of  procedures  with  some  risk  cannot  be 
justified  simply  to  qualify  for  the  opportunity  to  pursue  a  hazardous  occupation.  Many 
potential  candidates  for  such  InvaBlve  procedures  have  not  demonstrated  any  specific 
aptitudes  for  aviation  duties,  and  indeed  many  will  not  successfully  complete  the 
training.  Further,  many  will  not  pursue  military  aviation  as  a  career.  Under  these 
circumstances,  we  continue  to  feel  that  invasive  procedures  should  not  be  offered  as  a 
result  of  screening  teats  In  applicants.  Current  technology  is  available  to  poten¬ 
tially  elucidate  the  physiology  of  Wolf f-Parkioaon-Whl te  ECG  finding,  Hobitz  II  second 
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deyree  A-V  block,  supraventricular  tachycardia,  ventriv^niar  tachycardia,  and  left  bun¬ 
dle  brancli  block.  He  foel  that  invaaive  evaluatia»“  ot  these  findincs  In  pilot  appli¬ 
cants  should  be  hiyhly  resti: lcted» 

Specialized  Tests  for  Retention  1ft  Hi^h  PeiCormapce  Putins 

Once  qualified  for  HPF  duties,  »r.d  having  beep  f>uncf  to  be  free  ot;  strucb’:ral 
lesions  at  u  training  agf',  the  d^'minanr  1‘utJte  tisk  sijent  coronary  aitery 

disease.  We  feel  that  the  une  oi  t'.4Utine  stress  tests  in  an' unstcatlf fashion  for 
the  detection  of  latent  coruunry  disease  shouig'  bv  repUiced  by  recatcing  risX  factor 
analysis  based  uff.n  lipids,  agot  blood  pressure/  Cantlly  history,  and  smoking  history. 
Our  future  goal  is  to  apply  a  ^tr^titied  risk  ^-»alysis  whigh  will  detejemine  a  threshold 
for  Second  order  ti;sts  such  as  tread^iXlu  and  scint igr*.pnic  studiies^ 
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Figuire  HI  outlines  a  basic  -.’artliovasculat  se’ubtior.  sebeme  fot  a  "duel  track 
tr/^iining"  systeni.  Figure  ’V  ourlines  the  projected  s-alection  10Bae;».  fable  IV  lists 
the  recamcnendtd  tests  and  frequency  of  _tjtshlng.  '  ' 
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*  For  evaluation  of  achocard'oyraphlc  abnormal  it ies 
Baaed  upoc,  risk  Indications  , 

Table  IV 


CONCt-WSIONS  .  .  * 

Tn  young  applicants  fot '  craipl  ng ,  there  is  little  'rationale  >n  the  yerformance  of 
expensive,  labor  intensive  stnJies  which  yic/rt  r-oncpecific  results,  most  of  which  are 
.  normal  variants.  In  our  opinion,  stloss  tests  ^nd  Dolter  mcnicora  fall  into  rhia  cate¬ 
gory.  Since  the  significance  of  nonspeci  Ic  findings  's  decermiriod  by  the  presence  or 
aosenco  cf  underlying  organic  structural  cefects,  we  c-  commend  that  testing  in  a  yopng 
population  be  directed  'coward  t!i«  deteotioi  of  ahatoniical  defects.  We  recotinend  that 
abnormal  findings  of  a  atructureJ  nature,  tr.v>n  be  atsossed  with  fuoctirnal  testa  to 
determine  whether  the  .applicant  ramy  enter  s  me  fcv.-in  of  aviation  training  or  ty  discjual- 
ified  rrom  all  training.  '  ,  ' 


'  The  'opir.iors  expressed  in  this  paper  are  those  of  the  authors,  and  /ip  not  neces 
sariiy  represent  the  opinion  of  th-j, United  States  Air  Force.  - 
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‘  SELECTION  ET  SUBVEILLAlvCE  HlfniCALES 

’DES  PTLOTES  DE  MIIIAGE  iOOO  APPORT  DE  L* F:.':H0CARDI0GRAPHIE 

M4dec.\n  en  Chee  H.  ILLE,  Med«cin  on  Cbof  A.  DIDIER 
Hcdecln  rr.Uicxpal  K.  ALLEGRINI,  H^docin  Prin'^ipal  C.  KAUREL 


CENTRE  PRINCIPAL  D’ EXPERTISES  MEDICALES  DU  PERSONNEL  NAVIGANT 
OSbib  avenue  de  la  Porte  de  Sevres 
•  75996  PARTS  ARMRES  •- 


RESUME  i  ‘ 

L'intcret  de  1 ' ^chcicArdio^iaphla  dvns  la  nelection  des  equipagoa  Uta  futuro  avions  do  combat  eet 
4clalr4  par  un«  dtude  c<?Fiparatj,v«  doyx  populations  hcpognies  de  jMotes,  I'une,  c4moj.n,  de  34  pilotes 
de  LiAnnport,  1‘aurre  do  32  pi  loti  s  d’avjons  att  combat.  Cette  etude  montre  que  l*on  trouve  dane  les  deux 
popuJatlone  anomaliefl  du  coAur  gauche  (prolapsus  valvuialre  mitral  de  falble  dogre,  IboIo,  meconnu) 
mais  que  deu  snomalies  du  coeur  droit  sous  forme  dune  dilatation  ventriculaite  droife  oont  perticul ieres 
.  aux  pilotes  d’avlnns  de  combat,  I.e.s  auteurs 'envLsagent  deux  hypothomes  s  soit  une  /'dapt-^itjon  Cu  cocut 
dr..-it  auK  decelerations,  soit  un  atade  precoce  d'attelnte  niyocardique  Hecondaire  a  ces  menes  contraxntes 
ac»rona'iViqu«c. 

.1  -  '  .  \  ' 

.TNTrOtOjJCTION  -  ,  .  .  . . - 

Canme  lea  autres  avions  de  combat  a  hautea  perfo/mance.  #  3e  K -rage  2000  impose  a  eon  pilote  des 
/icc4l4x*ations  d«  luto  intencite  (+  9  ooutenues  (plus  de  1^  secondes)  et  tres  brutalemtnt  installees 
II  a  7  U'  par  aoconde) . 

T.'hotnme  eat  alnai  amene  h  I'extrerre  ll.Tiite  de  sa  tolerance  phy&iologique  et  I'on  pout  redouter 
la  hurvenue  d* lncapacil4s  aubitea  en  voL.  ^  ^ 

Blen  q jc  lea  effeta  aur  le  syateme  cardiovasculalre  dcH  accelerations  *  Gz  soutenueo,  de  haute 
inttin.^ite  aient  6t4  largement  etudieea  chez  I'animal  et  chez  1 ’homme  voloivtalre,  en  ccntri  fugeuse ,  on  ne 
aaJt  prfisquQ  rien  aur  le  devenlr  h  long  terme  des  pilotes  exposes  quotidiennement,  pentant  dep  ar.nec'S,  A 
Cv  tejR  facteurs  de  charge.  ^  ’ 

Toutft  anojftal.'.'j  cardiaque.  inf raclirtlque,  consider^o  cormoe  minime  ou  negliqeable,  est  la  evuse  po** 
tentiello  d'une  incapajlt/i  subito  »ou»  Uafjfet  des  accdl4rations,  et  elle  f«ut  £tre  aggravee  A  long  ter.ie. 
Ainai ,  iftH  caracter  j  f  i'.iques  nouvclJea  d’un  fActeur  <la  charge  bjep  connu  smAnent  a  b«  poser  la  nuestlor,  d  # 

1 'opporrunlte  d*une  nouvolle  definition  des  normes  d*aptilude  roAdicale  -Jes  pll-otes  de  lUtage  200^-. 

Dana  l*ar*i4c  de  I'air  feanyaise,  la  rcgl  sr»ontAV.icn  con*;e);;.ant  l*ept‘.:udr  dec.  pilotep  O'avions  de 
combat  cat  slrpla  ut  • 

I/arn  do  la  ee'C*  ;  •»  et  Jor.»  v^sitos  .jou.'  i\f.  -r  .  iquer  annurlles,  aucune  anomalie  n'est 
tolftree.  La  normallte  ;arL.a  td.  /a«cu*J^.e  cat  •  ur  criterep  d«  I'eramen  clinlque,  elctctro- 

cardiographlq'.;©  at  laulotog  que,  ’  ' 

Los  investigations  plus  special  irdes  ne,  lont  ptitlgt-'iea  qu*a  la  derwndc  du  rnddbcir  exanl nateur , 

i 

h'n  re  qui  concerne  ,'ea  pilotes  designee  pour  voler  oui  Mirage  2CO0,  11  a  bVo  decide  d*  n«  j.as 
modifier  la  reqJement.ation  cn  vigueui  dans  so.i  prineijpo.  Mats  dans  un  bat  -1 'hsifnonlsat ion ,  toup  ree 
pilotes  examines  Uanx  un  meme  centie  et  tous  dolvont  Htiblr  un  examin  Achocardl ograpnique , 

NOUS  avon*>  r«nonc4  a  la  p  atjque  s/st^matlque  de  l'el4r;troc’ardiogiAus..e  <3'cffoit,  le  reoervant  aux 
Bujety  det'lnis  cotnme  «  haut  risque  de  coronaro,^athie^ 

Hour  ovons  ugaleMort  renon»:4  A  ] 'usage  syetemat ique  de  la  c#»ntr  Itugeuae  pour  des  raisons  do  ittifta 
i  bllit4.  Par  contre  la  pratique  d'un  olecttocarllogramm©  de  longue  durec  comportant  ) 'cni eg i etrement  durarit 
un  VO, I  o]>oratiorinMl  a  ete  retenu,  *  .  ' 


^  bF.  1,*  KXAME«  ECirxi'Af'DlOGRAPN  JQUE 

Le  but  de  1 ntioductlon  de  3 'echocarUJi/giapMe  dans  la  ptotocolc  d'exninor.  uea  pi-lotcu 

do  Mirag-j  2070  4tait  t 

“  d*4lltT<inor  cerMlne  pilotes  pf>rteur*i  d'anomalJe'i  ca^diaques  irlnerieB;  Jnf  rad  in.'.qu'JS  ruiiff 
jiourcft  de  danger  nous  factf  ra  do  charge  i 

-  de  recueilllr  des  Infoi  mat  it/ns  ob;iectlvcB,  comparahlea  dans  ur.e  etude  jjr  J  vf  ,  pyr  l*»a  con¬ 

sequences  cardiMrjuos  et  fancu) a  1  r ©venkuellrs  de  I  ’ sx|«,>k' )  tion  r4j">et«e  dOB  pilotes  aux  acc4l4- 
lationT,  a  n-oynn  ©t  a  long  tei^e  t 

"*  d'etdbMr  ufio  doctrlrj*}  rat  ionriel  1  e  ktur  1  tunitf'  ds  ilev  normen  nouvolles  d  *  opt.  i  tudi* 

tn4'l/ ,*ale  fovt  lei  piloten  den  nvit*-!  de  comliat  de  Jo  riciiiv»!llr  st  future!  genorat von , 

*'  WLTHOI/Dl/XilK 
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L'examen  4cliOcardiographique  a  ete  realise  avec  un  •  pareil  sectoriel  a  bala/age  mecanlque 
ATL  Mark  SOO  comoortvot  une  sonde  de  3  MHz.  L'etude  du  coeur  eat  coi  suite  selon  un  protocols  standurdisc 
(incidenc-tt  paivi^ternale,  coupe  grand  axe  et  petit  axe,  incidence  ap  \enne,  incidence  sous  costalel  .  Les 
examena  en  mode  T.M.  ont  ete  pr^tiquos,  A  partir  de  I'exanten  bidiir.ei.  nel  pour  permettre  la  meilleure 
incidence  et  ie  cholx  du  faisceau  T.M,  le  plus  perpendicuiai re  aux  structures  cardiaques.  L'imagerie  bl** 
diinenstonnelle  egt  enregistree  sur  bands  video,  lee  documents  T.M,  sur  papier  photographiques  a  sec.  L'exa- 
r.ion  est  complete  a  la  demande  par  uue  etude  dec  flux  intracardiaques  par  Doppler  pulse. 


2.2.1.  32  PII.^DTES  HE  CHftgSg  tonfirmes  suv  Mirage  III,  Mirage  FI  que  nous  appellerons  indifferein- 
mcnt  "pilotes  de  chasse  ou  pilotcp  Mirage  2000  *'  ont  subi.  une  echocardioagraphie  pendant  leur 

vjsito  medicale  de  qualification  sur  Mirage  2COO.  L'exanen  echocardiographxque  a  auosi  pratique  sur 
une  population  t^moin  de  34  PILOT'ES  DEI  TPANSPOFT  OU  de  LIMGON,  d*age  equivalent. 


2,2.2,  L'ACgmsiTIQM  OKS  PQNNECS  (tableaux  T  et  II  en  annexe)  concerne  : 


2. 2. 2.1.  DBS  PARAMETRES  ANTlItlGP^METRIQUEG  :  age,  poids,  taille,  surface  corpcrelle,  oxpri 
mees  en  unites  habitueiles  auxquelles  nous  avouii  ajoute  ime  caracteristiqun  professionnelle  :  ie  nombio 
d‘heurcs  de  vol  de  chacun  dcs  individuv.  \ 


2.2. 2.2.  DES  FARAMETRES  ECHOGRAPHIffUES  EN  MOPE  T.M.  par  les  : 


a)  Mesures  exprimees  en  millirt6tren  des  fpaisseurs  de  parois  ou  des  dlamctres  des  cavitcs 
cardiaquos  prises  suiuunt  les  modalites  decritos  anterieurement, 


Diametre  de  I'oreillette  gauche  <oc) 

Diametre  du  ventricule  droit  (VD) 

Diametre  diastoliqua  (Dd)  du  ventricule  gauche  (VG) 
Diametre  oystolique  (DsJ  du  ver.t.riculo  gauche 


Epaisseur  en  diastole  (Ed)  du  septum  (Sep) 

Epaisseur  on  systole  (Es)  du  septum 

iqvjiinseur  en  diastole  de  la  paroi  }.V/St4rleure  (OPo) 

Kpaisseur  en  aystoio  de  ia  paroi  poaterleurc- 


b)  Valeurs,  exprimees  en  jfourcentage 


-  du  raccourcisoement  systolique  du  diametre  VG  (%  Race  VG) 

-  de  i 'epaisaissetnent  systoUque  du  septum  1%  ep  sep) 

'  de  1 'epaisaissement  systoLique  de  la  paroi  posterleure.  (%  ep  PPo) 


2. 2. 2.1.  DES  ASPPrTS  MOI=<PHOr/y;TgtJF.S  EN  RCHOTAPDICGRAPHIE  BIDlMEIIlIONNELLE  f»t  des  TSMuItats 
de  I'examcifi  Iioppler  pulse. 


3.  RESGLTATS  i  Voir  tableaux  1  et  2  en  annexes. 


3.1.  KN  MODE  T.M.  MQYENHES  DES  PAPAMETRfIG  ECHOCAPDIOC^RAPHlgOES  PRECEDEMMENT  ^.EPI^»fS 


T  A  e  L  E  A  U  3 


3,2,  EN  ri.ThlMEN.l (ONNKh,  L' echographJo  bldijrenujonnt  ’  le  couploe  au  Oc'pp.Ver  pula4  permet  de  d^frnir 
3,2.1.  PAPMI  LEG  PIIyOTES  DE  CHASSA 


-  un  gruiirv('  dn  20  Mujet»  ciessofc  coiwre  rlgo«ircu«iemen»  iio/rrviuK  i 

-  un  gi'uupo  de  ).2  sujetn  presentar.t  une  anom.jlie. 
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Dans  4  cas,  cette  anomalie  interesae  I'appareil  mitral  av«c  en  systole  un  mouvement  vers  I’OG 
de  I'.un  ou  des  deux  feuillets  mitrauxj  le  point  de  coaptation  dns  deux  feuillets  se  situant  tou jours »  sur 
les  differentes  coupes  dans  le  plan  de  I'anneau  mitral.  Ces  aspects  correspondent  aux  plus  faibles  degies 
de  prolapsus  valvuialre  mitral. 

Dans  8  cas,  I'anomalie  porte  sur  le  ventricule  droit  avec  un  certain  degre  de  dilatation  ventri- 
culaire  droite. 

Le  diametre  moyen  du  VD  dans  ce  ^roupe  (Pilotea  anom.  ventr.  D)  est  de  22,SOO  mm.  Dans  I'une  des 
Observations  de  ce  groupe,  le  Doppler  pulse  met  cn  evidence  une  insuffisance  tricuspidionne , 

3.2,2,  PARW7.  LES  TEMOINS 

-  un  groupe  de  30  aujets  classes  comne  normaux  ; 

-  un  groupe  de  4  sujets  presentalt  une  anomalie  :  3  sujets  avalent  les  signes  d'un  faible 
degre  de  prolapsus  valvuialre  mitral,  1  seul  avait  une  dilatation  venLriculalre  droite 
Isolde. 


4,  TRAITEMENT  DES  DONNEES 

Le  traitement  des  donneea  s'etablit  a  deux  niveaux  d'analyse  : 

-  homogeneitc  des  populations, 

->  caracterisacion  echucardiogtapbigue  des  individus, 

4.1.  I/HQHOGENEITE  DES  POPULATIONS  EST  ETDDIEE  A  L*A1DE  PE  4  TESTS  STATISTIQUES  SIMPLES 

4.1.1,  CALCUL  DES  MOYENNES  ET  DES  ECARTS  TYPES 

de  chacune  des  populations, 

-  de  1' ensemble  dea  sujets  sur  rhdcun  des  paramHres  anthropometriques. 

4.1.2,  ANALYSE  DE  VARIANCE  A  UN  CRITERg  SUR  CHACUH  DES  PA8AHETRES  PRECEDENTS 

Hn  raison  ciu  mode  de  choix  des  iiidiviuus  les  ceront  effectues  au  niveau  le  plus  haut 

de  signlficativite  (1  4) . 

4.1.3.  UWE  ANALYSE  EN  COMPOSANTES  PRINCIPALES  SUR  L* ENSEMBLE  DE  LA  POPULATION,  dans  1* ©space  des 
variables  et  I'espace  dea  individus  (nombre  Oe  vecteurs  de  la  base  >  cinq). 

4.1.4.  UNE  ANALYSE  EN  CCM1»0SANTES  PRINCIPALES  DAN3  L’ESPACE  DES  VAl^lABLES  ET  DES  INDIVIDUS  DE  LA 

POPULATION  DE  PILOTES  OE  Ml PAGE  2000  <nombre  de  vectcurs  de  la  base  de  I’hyperespace  vecto- 

riel  ■  cinq) . 

4.2.  CARACTERISATIQN  STATISTIQUE  ECHOCARDIOGRAPHlgUE 

La  caracterisation  statistlque  echocardiographique  des  aujets  precede  de  la  meme  approche. 

4.2.1.  CALCUL  DES  MOYENNES  ET  DES  ECART.S  TYPES  DES  VARIABLES  KCHQGRAPHIgUES  TORTANT  SUR  QUATRE 

POPULATIONS 

-  1 'ensemble  des  pilotes  Mirage  2000, 

-  Je  population  temoin, 

-  1' ensemble  des  deux  precedentea  populations, 

-  un  groupe  de  8  sujets  (pilotes  anom.  Ventrlc,  D) ,  qui  ne  constitue  evidemment  pas  une 

population  statistlque,  meis  le«qunls  une  anomalie  qui  sera  discutee  ul terieurement 

a  cte  remarqu4e. 

4.2.2.  UNE  ANALYSE  EN  COHPOSANTE.S  PRINCIPALES  K?RTANT  SUR  LA  POPULATION  GLOBALE  DANE  LES  DEUX  E5- 

PACES  DES  VARlADLgS  ET  DBS  INDIVIDUS.  WQHBRE  PE  VECTEURS  PE  L'KSPACE  DR3  VAR TABLES  !  11. 

Le  calcul  des  valeurs  relatives,  exprimees  en  pourcentage  deti  variables,  necesslte  I'obten- 
tion  de  distances  obtenues  par  dea  mesures  effectuees  en  systole  et  en  diastole  :  ced  valours  ont  etc 
ajoutees  au  tableau  des  donn^es  (en  annexe)  bien  qu'ellen  n’apportent  pas  de  dogre  de  li)  ite  supplemen- 
taire,  Cependant,  bicn  qu'il  n'existe  aucune  juatlf ication  nathematique  de  1 'augmentation  do  taille  du  ta¬ 
bleau  des  donnees,  il  nous  a  semble  utile  de  verifier  ai  len  deux  variables  Ed  et  Eo  du  Septum  sont  bien 
correlees  avant  de  les  u*  iliaer  dertJ  le  calcul  d'une  grandeur  ayant  eventuellement  une  valeur  diagiiostique . 


5.  RESULTATS  STAT'I  STIQUES 

S.l.  LES  MOYENNES  ET  LEo  ECARTS  TYPES  DES^  VARIABLES  ANTHROPOHETRIQUES  SONT  DONNES  DANS  I  I.  TABLEAU  SUl- 
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2339.59 

:1610,43 

1844. flft 

:  919.22 

1  2092.23 

:1334.19 

TABLEAU  4  :  Parametres  statist iqueo  des  variables  anthropometriques  etud^des  t  les  parametrcs 

tdmoignent  de  la  dispersion  des  populations  au  plan  de  la  qualification  profession- 
nelio . 

5.2.  LES  ANALYSES  DE  VARIANCE  PRATIQUERS  SUR  LES  DEUX  POPULATIONS  donnent  les  rdsultats  suivants  pour 
la  variable  P  situee  entre  ;  63  et  t  (cf.  tableaux  1  et  2  en  annexe  pour  les  v&leurs 
rrianquantes)  . 

Age  *  0,787 

Poids  :  1,617 

TaiUe  i  0,146 

Surface 

corporelle  :  0,641 

Heures  de  volt  2,20? 

Les  valeurs  critiques  de  la  distribution  de  la  variable  de  Fisher  pour  les  nivoaux  de 

1  ^  sont  j 


Prob  F  (lt60)  >  7,08  ■  0,01 
rrob  F  (1(70)  >  7,01  •  0,01 

S.3.  La  visualisation  de  ces  resultats  est  apport^e  par  I'anal/se  en  composantes  princlpales  dans  la-* 
\  quelle  11  convient  de  noter  que  Xe  tableau  des  valeurs  propres  acccl^  au  trace  du  cercle  de  correlation 

I  est  le  tableau  correeponda.it  aux  C':rrp':>nantes  princlpales  ohte:.veB  dans  l*e9pace  des  individua  (graphs 

»  N*  1  et  N*  2,  en  annexej  ♦  Pour  la  'yopulation  des  Mirage  2000,  lar,  resultats  sort  visualises  sur  les  qra- 

phiques  N®  3  et  N®  4. 


5.4.  Lee  moyennes  et  ecarts-types  des  variables  ECHOCAROIOGflAPHIQUES  sont  donn6es  dans  1*1  tableau  5. 


5.5.  Lea 
la  variable 


analyses  de  variance  pratiquees  stir  les  deux  populations  donnent  leo  resultats 
F  telle  que  ;  6S  (ct,  tableau  I  et  2  en  annexe  pour  les  valours  stanquantes) 
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Les  valeurs  critiques  de  la  distribution  de  la  variable  de  Fisher  pour  les  niveaux  de  I  %  et  de 

5  %  sont  > 


Prob 

P 

(1;C0) 

> 

7,08  -  0,01 

Prob 

F 

(1)70) 

> 

'',0J  -  0,01 

Prob 

r 

(1)60) 

> 

4,00  «  0,05 

prob 

F 

(1)70) 

> 

3. 98  •  0,05 

I 

1 


i 


32-5 


TEMOINS 

PILOTBS 

total 

t 

*  PIIOTES 

t  anom.  ventr.  D 

TOl'AL 

MOYENNE 

ECART 

type 

MOYENNE 

ECART 

type 

t 

:  HCYENNE 

i 

ECART 

type 

MOYENNE 

ECART 

type 

or, 

32.351 

3.125 

30.813 

2.929 

30.125 

2.71) 

31.606 

3,125 

VD 

13,265 

4.157 

16.750 

S.480 

I  22.500 

: 

6,3  30 

14,955 

5.151 

VG  Dd 

48.500 

3.  33B 

49.219 

4.202 

51.000  : 

1 

3.608 

46.848 

3.  794 

VG  Ds 

31.294 

3.204 

31.250  ■ 

3,384 

:  33.375  z 

2.824 

31.273 

3.291 

Y  Race 

35,741 

3.  300 

30. 211 

3.971 

s  34.656 

3.520 

35.969 

3.651 

^>epL.  Ed 

7,265 

1.379 

7.438 

1.537 

:  7.875 

3  .054 

7.346 

1.459 

Sept.  ES 

11. 144 

1.993 

12.094 

1.701 

t 

;  12.125  * 

1.364 

11,719 

1.809 

%  ep  Sap 

60.683 

23.0B8 

66.706 

27.588 

t  56.647 

t 

26.326 

63.694 

25.634 

PPoat  Ed 

7.  147 

1,330 

6.939 

1.367 

i 

:  7.375 

1.577 

7.045 

1.353 

PPOSt  Es 

11.719 

1.094 

12.000 

1.67$ 

i 

t  12.000 

: 

**■.657 

11.859 

1.421 

«  ep  PPo 

70.985 

27.075 

t 

75,698 

19.456 

1 

*  68.075 

: 

26.098 

73.341 

23.687 

T  A 

B  L  K  A  U 

5 

I 

s 


5.6.  La  visualisation  dc  la  projection  du  nua^e  de  points  individus  sur  le  mellleur  plan  ue  dispcrFvion 
eat  donne  par  le  graphe  n*  S  tandis  que  la  projection  dee  points  variables  dans  le  plan  do  cercle  de  corre¬ 
lation  est  dounee  pat  le  qraphe  n*  6,  le  graphs  n*  7  concerns  lea  pilotes  ayant  une  anovialie  ventriculaire 
drolte. 


6.  INTRMPRETATIOK  STATISTIQUE 

^'analyse  de  variance  pr«tir,.tee  aur  les  donr.ees  ANTHROPOMtTRl9UES  at  le  caractere  professionnel 
ne  porrev  pas  de  rejeter  I'hypothese  nolle  »  elle  iridiquc  done  que  les  populations  ne  sont  pas  statisque- 
ment  differentes  pour  les  caracteres  etudiec. 

Dans  c;es  oeux  popvil**  tons,  poide,  taille.  et  surface  c<irporelle  uont  parfaitement  correleec  ; 
mats  la  correlation  entre  fige  ct  le  nombre  de  vols  eet  nulle,  ces  deux  vartablee  indiquant  que  plus  un  su* 
Jet  est  age,  plus  il  a  I'experience  du  pilotage.  Ces  donn^ee  qoi  no  sont  pae  novatrices  ont  I'avantage  de 
montrer  la  validite  des  cal.culs,  Le  graphique  n*  2  cnontre  bien  l*hoinog^niit4  des  populations  qui  ne  placent 
dans  une  hypeielllpsorde  proche  d'une  hypersph^re  ;  la  population  de  Mirage  2000  est  certainement  un  peu 
svjtins  hojnogene  en  ce  qui  concerne  I'age,  le  poids,  le  nunbre  d'heures  de  vol. 

Las  valeurs  des  principales  mesurcs  tCHOCARDlOGRAPHIpURB  sont  rapportees  au  tableau  5.  Compar^ea 
aux  donn^es  habituelles  de  la  litterature  (KENRV  W.L.,  GARDIN  J.M.  ou  FRIGENBAUM  H,),  lea  ecarts  types  de 
nos  resultats  sont  mellleurs  s  ii  convient  de  pr4ciBer  que  not.re  population  pour  homogene  gu'olle  soil, 
est  line  population  d'adultes  mjlles  par  definition  en  excellente  sante.  On  ne  e’etonnera  done  paa  de  trouver 
auBsl,  des  valeurs  d'epai.<iBeur  des  parois  du  muscle  cardiaque  superieures  dans  notr«  population  evidemment 
plus  sportive  que  la  itoyenne  de  la  population  de»  deux  sexes.  En  ce  qui  concerne  I'analyse  de  variance  a 
un  ciit4re  portant  sur  chacun  des  elements  ^chographlques,  on  constate  j 

-  qu’il  n'ex.lste  pas  de  difference  etatistiquement  significative  entre  les  populations 
"Mirage  2000"  ct  les  tenvolns  pour  les  dimensionu  du  Dd  «t  Ds  du  VQ,  Ed  du  Septum,  Ed  et  Es  de  la  PPo, 
pourcentage  d'epaississement  de  la  P.r'oat  ; 

-  q'l'il  exlste  une  difference  significative  (au  niveau  de  5  %)  des  dimensAonf.  de  I'oreillette 
gauche  et  de  I'epaisseur  du  septum  en  systole  i 

-  qu'il  exist#  enfin  une  difference  HAUTEHENT  SIGNIFICATIVE  eur  les  dimensions  du  VD. 


M 


I 


si  I'on  se  treporte  au  tableaii  n*  5,-  il  appi^ralt  clairemcnt  qu/;  cette  difft-rpncf-  t'St  Ip  fai- 
cl^-s  8  f)ei  sonnes  pour  losquclles  il  a  ete  dii.nart  une  ptude  partiruliere  (Pilotea  ~  anomalies  -  Venr.ric. 
droitc) .  Lf'ur  moyonne  VD  est  en  effeh  egale  a  160  %  de  la  moypnne  de  la  population  temoin,  avec  un  ecart 
type  un  peu  supcrieur  a  2  nun.  .Si  1 ‘on  retire  ces  S  indLvidus  do  la  pi')pulation  totale  des  piLotes  de 
Minqe  il  n'existe  plus  dc  difference  apparai&sant  entre  los  doux  pxipulations  mats  la  validity  du 

test  statistlque  est  e)le-meme  diminuee  d’autant  I 

l.'examcn  de  la  situation  dec  nuages  de  points  sut  lo  meilleur  plan  de  projection  montre  appro- 
xiPidt  ivement  quo  sur  I'ensemblo  des  variables  echocardiographiqiies  les  2  populations  restent  homogene? 

((if.ijjho  n®  'i)  et  que  les  huit  sujets  qiii  sont  responsables  do  la  difference  precedemnicnt  citi'o,  sent  liar- 
nonieusomenf  :i ;  st  r  i  ri«i<‘S  par  rapi'»orl  au  ctntre  de  qravitc  dc  la  projection  des  points  i  nJ  iv  i  dus  .  Kestf' 

delicat  prohLere  de  J  '  in*  Orpretat  ion  de  la  projection  des  points  variables  sur  !»'  cerrle  der.  conclations  :  ? 

il  n'est  pas  possible  d'admettre  que  les  epaissenrs  du  septuni  on  diastole  et  en  syutole  aont  deux  para- 
mocrca  corrcles  ( I '  acqi  i  s  1 1 1  on  do  leurs  dimensions  pose  -au  plan  putoment  qeoiretrique-  un  problenc.  En 

effet,  les  mesuies  sont  reluvees  sur  une  projection  curvi 1 i nea ire  (la  fvaroi  Ihoraciquc)  d'un  element  car-  5 

diaque  EN  MOUVEMENT  et  qui.  de  fdus,  a  qroGSierement  la  forme  d '  une  calotte  £p>hprique)  .  Dc  meme,  ne  sont  | 

()as  corrclcR  les  rjarametrea  representcb  par  1  *cpaissi ssement  de  la  paroi  j>osterieure  aux  deux  poles  du  * 

cycle  cardiaque.  I 

Par  contre,  les  diraensions  du  VG  en  systole  ct  en  diastole  Sont  bien  correices  cc  qui  signifie  t 

que  il  cxiStQ  une  relation  commune  entre  le  sens  des  variations  dos  Pd  -'t  des  r»9  du  "O  uinsz  lous  les  indi-  | 

Vidus,  autrnment  dit  les  variables  Dd  VG  et  Ds  VG  sont  parfaALt;jn*snL  correlees. 


7.  COMMENTAIRES 


i/etude  cchocardiographique  et  I'analyse  stati.stique  qui  on  a  6te  faiLo  font  apparaitre  les 
jxiints  suivants  : 

“  la  dccouvcrto  d'anomalics  mincurcs  de  la  valve  mitrale,  tout  a  fait  mrconnucs,  aussi  bJcn 
dans  la  population  dr.s  pilotes  de  chassc  que  dans  la  population  temoin.  La  detection  de  ces  anomalies  sur>- 
ceptibles  d'aggravation  sous  I’lnflucnce  de  facteui's  dc  charge  juctifient  la  pratique  dc  I'cxamcn  au  debut 
de  la  formation  sur  Kirage  2000  et  la  surveillance  roguliere  meme  si  la  decision  immediate  d'aptitude  n’est 
paS  modifiee. 


-  L'exiStencc  d'anomalies  ventriculaireo  droites  signif icativcment  plus  frequentes  dans  la  po¬ 
pulation  dos  pilotes  de  chasse  fosent  le  problems  do  leur  signi f i cat  ion .  La  comparaison  avec  une  population 
homogene  dc  (ulotes  d'une  autre  iqiecialite  fait  envuager  pour  Icn  pilotcs  de  chaf.it  1 '  intervention  d'un 
faetcur  particulior  aux  avion.?  do  combat  a  savoir  Its  accelcrat i ons .  Ces  augmentations  de  dimensions  du 
ventricule  droit  peuvent  traduire  une  simple  udaptation  du  coeur  droit  aux  contraintes  aeronauttquea,  mats 
eiles  peuvent  traduire  un  atado  precoco  d'atteinte  rr.yocardique.  Il  est  actuollement  impossible  de 

trancher  entre  ces  deux  hypotheses.  Seule  une  iurveillance  rigoureuse  des  sujets  et  une  confrontation  de 
nos  resultats  a  ecu.'’  do  travaux  ci.r.i  l.iircs  pourront  avwc  l.e  Lts*«i|/»  y  «PiA.>itc'i  des  oiements  ae  reponse. 

•  Parmi  les  p.iramctr€s  de  surveillance  cchocardioqraphiguc,  le  priurcentagc  do  raccourci ssement 
du  diamotre  qui  ost  un  bon  reflet  de  la  fonction  ventriculaire  gauche  nous  para!t  devoir  otre  retenu  pour 
une  survo.i  I  lance  a  long  terme.  Nous  avons  montre  sa  validite  par  opposition  i. d’autres  porametres  etudies 
conune  le  pourcentage  d'epaississement  du  septum  ou  de  Ja  paroi  postdrieurc. 


8.  AFTiTUpE 


Touc  les  piloted  sauf  le  sujet  porte'ir  d’une  insuffisance*  tricusp'idienne  ont  con.serve  leur 
aptitude  i  on  considere  que  lea  anomalies  constatees  entrant  dans  le  cadre  d'une  "pathologic  frontiere" 
que  I'on  ne  aait  actuel Icment  sltuer  avec  exactitude. 


CONCLUSION 

Le  rfouci  de  preserver  la  Hccurite  des  voIb  face  a  dos  contraintes  nouvellos  et  la  dj zpon ibi I i te 
des  techniques  actuellefi  d. ' investigation  non  sanglantes  amenent  a  decouvrlr  toujourK  plus  de  can  de  "patho- 
logio  1 rontiere" . 


Pour  evxter  de  verser  dans  un  exces  de  prudence  aboutlssant  tres  vite  a  1 'inefficaclte  et  pour 
evjter  a  I'lnverse  I'oxcea  d'optimisme,  il  est  necessaire  de  procc-der  k  I'analyse  critique  du  risque  encou- 
ru  et  de  la  valeur  des  methodes  de  diagnotic  ;  i  cet  ^gard,  I 'echocardingraphi e  nous  apporte  le.e  avantages 
de  la  fiabilitc,  dc  la  facility  d'execuefon  et  d'un  surcroEt  d'informaLion,  Nous  esperons  avoir  demontre 
2'interet  de  son  incliislon  systematique  dans  lee  protocolos  eje  selection  des  equipages  des  future  avlons 
de  combat. 
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apiii.  Spa^. 
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ENREDISTREMKNT  tONl  INU  DE I  'E.r.G.  GHEZ  LES 
PILOTES  I)E  ^MRACE  2000* 

(C'liinpunkisktri  a’  kc  Il'S  pilotos  de  Mirage  lil  ct  F 1  / 

'  '  P’-'f 

''  A.Sci^ncuric-G.Lcgiicj --.I.P.Biirlatmi 
G.Poyoi  —  V!.Sylvcstrc 
Hopital  il'liistruclion  des  Armec.,  rJ.l.arrey 
I  rue  lie  riiidcpetidance  Amcrirainc 
7H(H  3  Ver  ad'xs,  France 


E/VUJffi. 


Oil  eirrwKlatraaant  G.C.G,  oentlna  JuiXMit  ;i!d  hauxaa  a  parala  de  comparer  no  dchantlllco  de 
^24  pllotei.  dlavloii  da  obaase  oon'i antlunnel  (Hln^a  IIJ  at  F1)  avao  7  pllotea  de  Klrace  2  000.  La 
oDBp'iralaon  dea  trnubXea  da  I'exoltabi.titd  «t  del  la  oonduotlaa  aj  sol  at  an  vol  na  aontra  pan  de 
diffdvanoe  notabFa  antra  lea  2  droHsaa.  On  txoub'ia  da  rapolarlaatlon  an  toI  n'a  dtd  anragia'-rd  qua 
oliar.  un  pllota  d'avlon  haute  parforoanec.  Lav  UXfTdranoaa  portent  prinolpalenant  aur  las  frdquen- 
oea  oardtaquv  obaerrdaa  an  Tol.  'Lllae  aant  pattaraiit  InfdrlKuraa  aur  Mirage  2  000  aloro  que  lea 
az-odldratlona  obaeradas  ont  Ctd  aupdrlayrra.  Caol  peut  oorretpondre  kui  car'ctdrlatlquea  dlffdran- 
tea  dea  2  popiilatloruit  aux  types  dr  Missions  affeotudea.  On  paut  dgalasant  liorlninar  las  problfeaiaa 
d'adaptaVon  cardir-vasculaire  4  oe  nruvaau  type  d'appaxall.  i  ^  ^ 


Lea  avloES  da  ohaeae  nodemea,  oaxactdrlsda  par  las  aoodldr..t.<ons  intenaea  at  prolongdai 
qu'.ile  annt  ai>pablea  d'engaodrer,  oqqetlt,’>aot  cartalnenant  un  raoteur  d'agraaelon  Important  pour 
lea  pllotas.  II  isporta  de  ddtataiaar,  an  partloul,<at «  I'lnflusnou  da  tellea  aocdldratlone  sux  le 
SSatbna  oerdlo-vaaoul  alrr.'^ 

f  ‘  , 

One  d ^da  a  dtd  elfactuea  dana  or. aansi  an  ooaparaut  las  rdaultate  obtenua  aveo  oeux  qui 
prsirlah’tvrA  d'un^  dtuda  anUfOgua  que  noua  a«onB  af.faetuds  per  dao  avlona  de  chaaaa  de  type  plus 
'unftien,  '  ■  ■ 

J ' '  ‘  ■  I  ■■ 

*  r  f  *  ”  I  ^ 

arp«iifctlen  dtadlda. 

'  '  '  .*  '  '  I  '  . 

2  dohantll'.f  ono  rnt  d<'(  dtudlda  t  ' 

>  2<f  ;illo'vss  d.1  Mlra^  111  at  Mirage  FI,  dunt  I'lge  isiyen  eat  da  27  ana  at  ayant  une  ac- 
tivltd  odrouautique  ao/a.'lxie  da  1  J40  bau.raa  da  rol. 


-  V  pllotas  de  SM.ragt  2  000,  d'ftgs  noyen.IO  ana  at  ayant  una  aoyanna  de  2  }0Q  haurae  da 
rol.  II  t'agix  dono,  d  1‘dvldanaa  da  pllotas  bsauooap  plus  oonjClrndf  quo  lea  prdeddantsy 

Matdrlal  at  ndtheda. 


Pour  I'ancoabla  due  31  pllotea,  un  anraglstr^aaot  1,0.0.  oon<iinu  aabulatD.lra  de  24  heurae 
(E.C.C.C.)  aelo’^  la  ndthoda  de  Bolter  a  dtd  rdallsd.  So  faqun  obllgato.ira  oat  anraglatrasant  lavalt 
ooaportar  1  ou  plua^avra  Blaalona  au  eoura  ^rsquallas  uiio  astlaatlon  da  I'soodldratltin  ■arlaa.  anra> 
giatrda  dtalt  obtenua.  ' 

L'dtude  a  portd  eur  I’dvolutlon  da  1..  frdqaauea  oardlaqua,  l.an  dyarythnlaa  at  lea  aAona- 
llBB  da  la  xapoiorlsatijn  an  dlatlngvcnt  las  pdrlodaa  do  vol,  I'aetlvltd  dlvma  nomale  at  la  pdrlo.~ 
de  nroturna. 

Lea  apparells  d'anra^lstrasarM  uttllads,  apparalla  claoslquoa  habltuallsaant  utlllsds  an 
oirdloleyia,  ont  dtd  prdalablasaot  iaatda  an  cantrlfugeusa  jusqu'b  10  G  pour  a’xaaurar  da  I'abaanoa 
da  fluotuatlonn  algsllloatlTSa  da  la  oourba  da  raponaa  au  coura  dea  aocdldratlona  aoutenuas  at  da 
hau-va  Intanaltd.  Laa.  vdsultats  ont  dtd  tout  ii  fait  aatlafalaanta. 

La  laotiira  a'ast  al'faotuda  4  100  foia  la  vlteaaa  a'anreg iatroaant  aveo  analyse  trba  prd- 
cisa  dts  anonalias  renoontrdaa  grioa  d  un  ayatbsa  da  ralldatlon  souala  k  la  urltlqua  pamananta  d'un 
nddao.'.n  oaxdlologua. 


adaultats.  ' 

.  Wioslons  anragistfdas.  ' 

I  Sol’  Xltadfa  III  at  71,  au  total  39  heurae  da  vol  ont  pii  ttra  anolysdas  da  faqon 

tout  4  fa.lt  prdolsa.  ' 

I>a  pic  naxina  d'aoodldratlon  obtaim  pour  I’ar.sanbla  dei  24  pllotas  u  dtd  da 
6,3  O,  T«i  noyanna  affeotv.da  svj?  I'ansanble  4aa  aoodldratlona  iiaxlna  rapportdae  aet  da  4,7  0. 


^  7!ravnil  du  Sarvloe  da  Kddaoina  Adronantique  (Oontrat  D>]1.T). 
Bttpltal  u'lustmotlon  das  Amdss  SOKini^tlB  LAIBST  -  VGKIlAtLLtB, 


.1.1-2 


Bur  Mlrcg*  2  000,  10  h«ur»a  d*  vo.l  oat  pu  anUyiid**  eorraopondent  4  I4 

■IsaloiM  dont  9  aTtu  un  ptc  d'acodldrivtlion  aup^riaur  &  6  C.  L*  pin  aaxlikvuB  d'acodldratloo  a  dtd  da 
0,5  0  alora  fua  la  apyaiuit  daa  uaxiM  rdaMada  a'dtablit  &  6,6  a. 

Cbaa  3  pilotaa,  la  faotaur  da  ohar^a  aalzaa  a*aat  aoooHpHdii^  <la  nui-vaoua 

d'tin  Toila  erla. 


tocaallaa  ,0.0.0.  aar  laa  2d  hamraa. 

I  Ellaa  font  prdciadaa  aur  la  tablaau  aulrant. 


BYSBYTBKIEB  dU  C0UB6  OSS  24  EEORES 
Vablaau  I 


Nlra«a 

PI  at  III 

Mlrofa  j 

2  000  5 

(  E31;a.10/24  h. 

29,a  S 

0/1  1 

f  ES?;>.  10/24  h. 

4,2  % 

0/7  ) 

{  BAV  1 

8,5  % 

1/7  1 

^  BAV  II 

0 

0/7  ) 

Laa  axtraeyatolaa  aurloulalraa  (ES4)  n'ont  6t6  prlaaa  on  ooapta  qua  Iciaqua  laux  noabra 
4talt  aupdrlaur  4  10/24  hauraa.  La  nlaa  rhgl*  a  dtd  appllqude  pour  laa  aztraayatolaa  vantrloulalraa 
(eov),  11  I'a^laaalt  toujoura  d'aEtraayatolaa  laoldaa  aana  doublata  nl  aalraa, 

Laa  anonallaa  da  oonduotlon  A-V  aont  raatdaa  toujoura  ainaurai  (alapla  allonfaaant  noo- 
turna  da  ?-H)  at  pau  Yrdquantaa, 


dnoaaliaa  E.C.O.  anraalatrdaa  an  vol. 

Ellaa  aont  pr4ola6a«  auz  la  tablaau  oulvant. 

anomalies  E.C.C.  AO  COOKS  OES  V0L5 
(ohlffra  total  obtanu) 

Tablaau  II 


C  Mlra«a 

Mlra|;a  ) 

t  PI  at  III  (39  h) 

2  000  (10  h)  ) 

l  ESA  totalaa 

•A 

t 

t  12 

0 

I 

(  E3  sctalaa 

1  2 

1 

1  BAT 

J 

1  0 

0 

(  Soua  ddcalaffa  ST 

t  0 

1 

* _ 

1 

I 

Laa  totaux  obtanua  aont  trba  faib,.aa  on  pari'.oullar  pour  oa  qul  oonoarna  laa  E6V  dana  laa 
2  dohantl.llona. 

II  n'y  a  paa  au  da  troublaa  da  oonduotlon  A-V. 

On  pllota  da  Mirada  2  000  a  prdoentd,  A  I'oooaalon  d'una  aoodldratlon  avao  frdqufinoa  oar- 
dlaqua  A  I40  par  alnuto,  un  aoua  ddoalad*  franc  do  sadnant  ST. 


L*dtttda  daa  frdauanoaa  cardlaouaa  yo^  *  pdrala  la  ooaparalaon  daa  aoyannaa  daa  frdquan- 
cea  sazlma  enxoBlstrdoa  alnal  qua  la  aviyamta  d^naral*  aur  I'anasabla  da  qatta  pdrloda. 

Slla  aat  prdolada  aur  la  ta'dlaau  aulvant. 


rRKQUKUCE  C/UtSIiQQE  £N  TOI. 
7«bl*«u  III 


r 

Mlrag* 

El  at  HI 

Mlrag*  j 

2  000  ) 

(  Trdquenoa  aazlaa 
(  (aoyanna) 

130,0 

116,0  1 

(  Trdquano*  norann* 

(  (global*) 

95,2 

86,4  ) 

II  ait  Int^raaeant,  pour  !•■  pilot**  d*  Klra^t*  2  000  quI  **(11*  out  dtd  viotla** 

d*  phdnoakn**  d*  voll*  dri*,  da  pr^ol**r  la*  oondltion*  d*  o**  dtat*  orltl^uaa, 

£11«*  lont  prdclada*  sux  1*  tpblaau  aulvantt 

PHASES  CHIIIftUSS 

Tablapu  I? 


Hoabza  da  CZ  Max, 

1 

1 

1 

Toil*  grim  t 

I 

yrdqueno*  eardlaqua  Baxlaa  | 

'  6 

I 

1 

« 

•f  t 

150  1 

i  8 

1 

*  1 

120  ) 

1  ^ 

I 

+  1 

85  1 

8.5 

t 

_J _ 

- - - u. 

105 

L'ua  da*  pilot**,  an  particullar,  *  prd««nt4  w  phdaoBAn*  d*  roll*  frl*  poor  6  C  laulaMnt 
«v*o  lut*  fTdduana*  d*  6j/an. 


Dlaouaalon. 

II  apparalt  nattapant  qu'll  n'y  a  paa  d'audaantatlan,  aur  1*  Klrad*  2  000,  daa  aaoaallaa 
ranoontrda*  an  pdrlod*  da  vol  par  rapport  aaz  arloD*  da  ohaaa*  nonrantlonnala  tant  an  o*  qul  oon- 
oam*  laa  troublaa  da  1 'eznltabllitd  qua  da  la  ooiiduotlon.  Idanaolna,  11  pourralt  azlatar  un*  aan- 
albllltd  plu*  (xanda  da  la  rapolarlaatlon  obaa  o*a  pilot**,  la  ooBparalaon  n*  paut  bdndflolar,  oa- 
pandant,  d'ua*  approoh*  atatlatlqu*  an  ralaon  daa  aflaotlf*  aodaataa  BOtuallaaaat  rauualllla.  Catt* 
dtud*  n'ait  qti'un  prdllalnalr*. 

II  noua  paralt  partloulltraaant  Intdraaaant  da  la  pouraalrz*  an  ralaon  dvi  oaraotbr*  Inat- 
t*sdu  des  Irdquancas  cardlaquea  obtanua*. 

On  obaarv*  an  alTat  daa  ahlflraa  blan  Infdrlaura  ohac  laa  pilot**  da  Mlrad*  £  000  alora 
qu'll*  ont  aubl  daa  aoodldratlona  nattaaant  plua  Intanaaa,  On  doit  fair*  intarvanlr  A  o*  nlv-aau  la* 
dlffdranoaa  d  •l(*  at  da  ooapdtano*  adronautlqu*  oonoarnant  la*  2  population*  da  pilot**  i  oauz  du 
Mlrad*  2  000  dtant  plv.a  tdd*  at  arant  darantaf*  d'hauraa  da  yol  A  laur  aotif. 

II  faut  dfalaaant  fair*  Intarvanlr  1*  durd*  daa  aoodldratlona,  qul  n'a  pa*  pu  Itr*  apprd- 
olda,  at  qul  a  dtd  rralBaablablasant  plua  falbl*  obaa  la*  pilot**  da  Hlraf*  2  000, 

On  raaarquera  anfln  qua  da*  aifnaa  da  nauvala*  toldrano*  ont  dtd  notd*  pour  dai  frdquan- 
oa*  oardlaquaa  aaaan  falbl**,  tdaolfnant  p*ut>dtr*  da  la  raplditd  da  ala*  an  otuvro  d'un  t*l  appa- 
rall,  d^^aaaaiit  parfol*  1*  taapa  d'adaptatlon  da  I'orgaalaa*, 

Toutaa  oa*  h/polhAaaa  adrltaront  d'ltre  vdrlfldaa  an  sultlpllant  laa  anraflatraaant*  at 
an  prdclaant  au  alauz  laa  condition*  azaotaa  daa  alaalon*. 


Conolualon, 

La*  anodldration*  da  forto  intanaltd  obtonuaa  aur  la  Mlradra  000  n*  aaablant  paa  nodlflar 
la  frdquanoa  da  aurvanu*  dr*  ti'oublai)  da  I’azoltafallltd  at  da  la  oonduotlon  da*  pilot**  loraqu'on 
laa  ooapar*  A  oeux  qua  prduantant  laa  pilot**  d'avlon  da  ohaaba  conrantlonna.la, 

L'dvolutlon  da  la  frdquanoa  oardlaqu*  aat,  par  oontra,  dlffdrant*  at  pourralt  tradulra  in* 
oartalne  dlffloultd  d'adaptatlon  du  apatAn*  oardlo-vanoulalr*  A  oo  typ*  da  faotaur  d«  oharf*. 
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LBS  MODIFICATIONS  RLBCTROCARDtOlRAPHIQUBS  IlfMflTES 
FAR  LES  ACCELERATIONS,  FACTEUK  PREDICTIF  DS  LA  TOLERANCE  1 

pAr 

J.H.  CURE**,  K.  VTEII.LEFnND*,  j.l.  POlRlER*** 

*  -  Medecln  en  Chei!,  H^decln-Chof  du  C.E.V.  et  du  tAKAS 
**  -  MAdecln  des  Armies,  S^cclan  Blodynaml4]uc 
***  -  MAdecIn  en  Chef,  Kcdecin-*Chcf  adjoint  du  C.E.V.  et  du  LAHAS 

Laboratolre  de  HAdeclne  Aerospatiale  (LAMAS) 

Centre  d'Essals  en  Vol  (C.E.V.) 

Boite  Poatale  2 
F  91220  -  BRETICNY-AIR. 


RESUME 

Les  accAlAraRions  +  Gz  que  sublaecnc  lea  pilotea  dea  avtona  de  combat  aotit  arythmogAnea .  Sur  328  trscAo 
d'Alectrocardiographie  reouelllla  chez  L<46  aujeta  aublaaant  dea  accelArat Iona  de  +  4  a  +  11  Gz  et  d'une 
durAe  variant  de  20  a  60  aec.  nous  avona  relevA  21S  anomallea  aupraventrlculalrea  aur  181  tracAa  et  37 
anonallea  ventriculalrea  aur  31  tracAa. 

La  frAquence  de  cea  manlfeacatlora  eat  fonctlon  de  I'intenaitA  de  1 'accAlAration .  Par  contre,  11  ne 
aemble  paa  exiater  de  corrAlatlon  entre  lea  anomalies  Alectrocardlographlques  ct  lea  manifcatatlona  hAmo' 
dynamlquea  reaponsablea  des  troubles  fonctioonela  vlauela  et  paychomoteura .  Cc  fait  enleve  a  la  aurvell* 
lance  electrocardlographLque  tout  Interet  prAdlctlf  aur  la  tolArance  fonctionnelle  aux  accAlArat Ions . 
1/orlgtne  de  cea  troubles  du  rythme  eat  vralaenblablcatent  llA<  aux  rAHexea  vagaux  provoquAa  par  lea  na* 
noeuvres  de  protection  au  coura  de  1 'accAlArallon  ec  par  le  bruaque  recour  veineux  k  I'arrel  de  la  cen* 
trl fugeuee . 

1 .  INTRODUCTION 

Les  precrf  'TR  troubles  du  rythme  soua  accAlAration  ont  AtA  dAcrltt  avant  la  deuxlAne  guerre  mondiale. 

VON  DIRINGf  N,  CAUER,  avalant  dAj^  dAnontrA  le  catactAre  arythmogAne  dee  accAlAratlons. 

l.a  plupnri  dea  Atudea  ont  montre  dea  troubles  du  rythaie  concomitant  de  la  phase  d  *acc4lArat  Ion,  peu 
ae  Bont  airacbAea  k  observer  la  phase  poat'-accAlAration  ou  phase  de  rAcupArat ion.  En  fait,  conme  dans 
1'exet^.lce  muaculalt  ,  entte  phase  eat  rlchc  en  anomallea  Alectrocardlographlqtjea .  II  exiatc  une  cerlalne 
similitude  dans  la  sAmlologle  Alectrocardlographlque  entre  cea  deux  situations. 

La  gravltA  de  certalnes  m^nlfeMtat ions  et  I'arrlvAe  de  nouveau::  avlons  de  combat  permetcant  des  cccAlA* 
rations  AlevAea  et  aoulenuce  nous  ont  amenA  k  rechercher  un  crltAre  objectif  et  facile  A  rocueLlllr  de  la 
tolArance  phya iologlque  au  facreur  de  charge. 

Cctlr  ctudr  o  but  de  chevvhor  •  Atablir  cl  les  trouble.*:  du  ryi  me  etaient  en  rel4tlon  svet  le«  ma“ 

nlfescatlons  henndynamiques  d*une  part  et  la  tolArance  d'au’.**u  part. 

2.  NETHODOLOGIE 

Cette  Acude  a  AtA  rAalisAe  k  partir  de  326  tracAs  d ' A lectrocardlographic  enreglatrAa  chex  14b  aujcia  ou 
fours  de  lancementa  rn  cent rl fugeuae .  Lc  aujet,  AqulpA  d 'Alectrodes  eat  aasla  aur  un  slAge  Martin  Raker 
HK  IV..  I.es  accAleratlana  Sont  dirlgAet  danu  le  aenn  pied-tete  crAant  une  force  d*  inertia  Inverae  qul 
a'exerce  aelon  les  axes  deii  gros  valsseaux  pfjrtutbeiil  de  fe^o;i  majeure  1 ' hAmodyiiamf quo .  Len  enregistremenC  a 
ont  AtA  effectuAs  avant,  pendant  et  aprAs  tin  pleteau  d  ’  accA  lArat  Ion  qul  Vc!>  de  20  eecondes  o  une  minute. 

Lea  nlveaijx  atteinta  varlolcnt  de  4  Ik  1 1  Cz. 

3.  KhRU(.T(t’n: 

Une  maJoritA  d '  Ale(;.t  f  ocord  {.•rgramme-'^  (tableau  1)  comportc  des  modv.  f  Icat  i  onn  pulsquc  sur  un  total  de  32W 
Alectrocardtogramnea ,  193  prAsentenl  des  anomalies.  Lea  troubles  supravci>t r leu lal res  sont  pr Adoml nant s 
avec  iH2  traoAb  tandla  que  les  troubles  ventrlculatrea  ne  sont  obanrvAa  que  aur  31  traces.  Un  ceT-tain  nom" 
bre  fiR  tracAs  prAsentent  h  la  fofs  dea  troubles  du  rythmf  des  deux  Atages  du  c^cur. 

I.es  manifestations  aupraverit  r  leu  Inlres  ye  prAsentent  pour  le  meinc  tracA,  soit  sous  la  forme  d'un  soul 
typ<  d 'ariomal  I  c ,  et  crcl  eat  le  fait  de  191  tracAs,  soli  onuela  forjno  d'une  aesoclotlon  H'anomaliee,  e'est 
ce  quo  I'on  volt  our  31  tracAs.  On  comptablllse  alfiSl  219  anomHlles  aupraventriculHlres. 

Dr  Is  irAmc  Cs'^on,  lea  msn  i  feoLat  ions  vent  r  Icula  .res  an  prAseiil  ent  stir  7.D  tracAs  sous  la  forme  d'un  seul 
type  d'anotralles  et  sur  6  tracAs  par  une  Association  de  dlffA.rrnteH  anorpilles  ,  cc  qul  exptlquc  qu'on  a 
comptabiilsA  37  I'nomnlieo  ventriculalrea,  \[ 
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3.1.  -  Dysrythinics  aupraventrtculalrea  (Figure  1) 

Lc8  iittclntes  de  la  commande  sinuaale  aoitt  tris  fr^qucntcs  puisque  I'on  observe  dea  arychmles 
sLnusalea  aur  30  pour  cone  des  craeda  et  dea  4plaodea  de  bradycardiea  rolaCives  sur  11  pour  cent  dea  tra* 
CCS.  Plus  rarement  on  observe  dea  ech.ippemcnt a  nodaux  (3,0  pour  cent  dea  traces)  et  dea  ^ebappements  aurt- 
culaircs  (1  poor  cent).  Lea  extraaystoles  aupravcntrlculalres  sent  preaentea  aur  4  pour  cent  des  traces. 

3.1.1.  - 

Le  plus  scuvent,  11  a'aglt  d'une  arythmie  reaplratoirc  avec  dcs  enpac.es  RR  variant  de 
240  a  440  msec  entre  les  deux  phases  du  cycle  reap! racoi re .  Considerees  comme  physiologlques .  elles  ont  la 
par t icu lari te  d'etre  indultes  par  Lea  accelerations  chez  des  sujetc  qui  n'or.t  pas  d'arythmle  resplratolre 
au  repos.  En  fait,  le  plus  aouvent,  11  s'agit  d'une  majoraclon  d'une  aryfhrale  rcoplratolre  pr^exiatante. 

3.1.2.  -  Bradycardiea ralaiiyes 

Cos  man  1  fe*<  Lat  Iona  sont  relev^es  ^  »3  r'liprlsea.  Il  s'nglt  salt  de  bradycardies  nodd* 
rdes  a  60,  !S5  cycles  par  minute,  solt  dc  relcntiasements  francs  dc  la  frequence  cardiaque  par  rapport  k 
1a  frequence  habituellr  dc  repos.  Cette  diminution  brutale  eat  alors  de  10  a  32  cycles  par  rolnutc. 

A  10  reprises,  nous  avons  observe  des  diminutions  du  rychme  cardiaque  sur  un  fond  de 
tachycardlc.  Tl  s'.ngtt  alors  dans  cc  cat  de  bradycardiea  relatives,  I'ampJ.eur  dc  cette  diminution  dtant 
d'une  quarantalnc  de  cycles  par  minute.  Ge.s  bradycardiea  ont  cte  d^clenchees  dans  trois  cas  par  unc  extra- 
systol Le  aupra-vcntrlculal rc. 

Li  '  i mpof t ance  de  cetce  depression  de  I'actlvlte  ainusale  favoriae  parfois  1 'emergence 
de  complexes  d'^chappementa  jonctlonnelfl  vale  dc  lambeaux  dc  rythmc  Jonctlonncl  ou  de  rythraes  atiriculalres 
ecL  pp i quea . 
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3.1,3,  -  f-cs  ^'Sniglexes^d^echapgement 

Deux  originea  diff^rentes  ont  etc  attrlbuces  a  ces  complexes  d 'dchappement . 

"  Dans  16  cas,  ces  complexes  setnbleni  provenfr  du  noeud  d ' ASCHOfTt'f AWARA  et  nous  les 
quallflcrono  d'uchappemcnts  jonct I onne la  ou  nodaux.  Tls  sent  suit  uniques,  ou  se  presentent  sous  la  forme 
d 'assoc  Li'ii.  1  on  dc  3  ^  20  complexes  consecutlfa. 

*  Sur  S  frands,  ces  complexeG  semblent  avoir  pour  orlginc  un  foyer  ectopique  au  ni* 
veau  de  I'aur^cule.  ,Sur  certains  traces,  ce  foyer  est  unique  i  ce  sont  deo  echappereents  auriciilalres  clas- 
sfqucfl.  Sur  d'autrea,  11  est  ert at Lque , 1 'onde  P'  ^tanc  alors  de  morphologie  variable. 

Atnsi,  dans  deux  cas  on  a  pu  discuter  I'exlstencc  d'un  Wandering  Ptce  Maker.  En 
effec,  chez  un  mcme  sujet  nous  avons  observe  au  cours  de  quatre  lancemcnta  dlff^rents  la  repetition  du  tneme 
phinomine  j  A  savoir  un  rythmc  aurlculaire  cctoplque  de  82  c/mn  sur  3  A  15  complexes.  Irs  complexes  QRS 
sont  pr^c^d^s  par  une  ondc  i' '  variable  qui  indique  uri  axe  variable,  done  une  sclmulatlon  d'orlgi.'.e  variable. 

Comme  nous  I'avons  observi^  dans  ce  chapllre,  ces  ^c'nappemenr s  et  bradycardias  sont 
paifolB  d^clcnches  par  des  extrasystoles  aurlculajree,  Ces  cxtrasystoles  peuvent  aussl  etre  l8ol4e!i  eL 
diseoci^es  des  bi adyarythmlcs . 
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3.L.(. .  "  hxtranyaloles  supravent  r  i  culo  f  res 

Klles  sont  toujoiirs  pci  nombreuacs  et  le  plus  souven  observ^es  sous  acceleration. 

En  rflet,  dans  10  cas  11  s'agit  d 'extrasystoles  Isoiees  et  dans  7  cas  d'ur.'  suite  dc  2  a  4  extrasystoles. 
Ces  prematurices  n'affeccenc  par  la  morphologic  du  complexe  t?KS  saut  dans  ».  cas  oil  I'on  peul  envisager  la 
possibillte  d'une  aberration  vent r I c« la i re ,  etant  donne  1 ' e largi s srmen t  de  QRS.  Ces  ex trasys to les  sont  tnij- 
jours  accompagnees  d'un  repos  compensaleut  et  ll  n'y  a  Jamals  de  passage  en  arythmie  complete  par  flbrllla- 
cton  auriculaire.  Hals  I'oreillette  n'a  pas  le  privilege  Oes ^cxtrasystoles  et  nous  cn  avons  aussl  observe 
sj  niveau  du  ventrlcule, 

3»2,  -  Iroublcs  du  rythwe  ventrtculalre  (Tableau  2,  Figure  2). 


1 


Lea  cxtrasyscoles  repr^bcntent  les  seules  anonwiiles  vent r  1  cula ires  observ^es.  Elies  oont  1^**  plus 
nouvent  prescntes  lors  de  la  phase  d ' acce lerat ton .  (es  extrasystol ee  sont  uniques  eur  14  traces  ou  multi* 
pl«fi  sur  17  traces. 

Dans  deux  cas  11  y  a  des  episodes  de  *  *'<icmlnlsme  et  dsns  3  autres  cas,  des  Episodes  de  DJg4mi- 
nisme.  Enftn  dans  2  cas  les  extrasystolei  ventrlcuidires  sont  4.n  salveiaans  l'un,r'ast  une  calv<>  de  3  ex* 
trasystoles  vent rlculaires  polytsc  ,ihet,  dans  l'autre,une  salve  de  5  extrasystnlcs  ventrlculalrcs  .  Dans  ce 
can  ausslcettn  tachycardli  veiitriculilre  sat  coapos^e  d 'extrsoyatoles  polyrorphes .  'foutes  Lei  outras  mant- 
rfiilat.lrnS  vantrlculaJras  aont  aoncAorphes, 

3,3,  *  Effots  del  accil^rations  sur  U  frequence  d*apparltion  des  dys t ythaleo  (Tableau  3  ,  Figure  3) 

L*appar.ltion  de  cai  Aanifestatlone  par«lt  114«  eusol  an  niveau  d 'ac c^l^rai ion  puisque  ai  on 
porta  nos  r^Bultata  avr  im  diagramiB,  dont  I'abaciaee  repr^iente  I'eccdldratLon  cxprln^c  en  C  et  I'ordon* 
tide,  la  frequence  d'apparltloa  expriv^e  en  pourccnt.afe  dea  manlfeatat^fma jiupraventt Iculafiea.obaervd^a 
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pour  une  acc4l^raClon  d^termLn^e,  on  obaerva  qu'i  partlr  dc  7  Cz  chaque  lancement  declenchc  des  manifesta¬ 
tions  dans  pr^a  des  deux  tiers  dcs  cas,  male  seulement  dans  moins  de  la  dcs  cas  au-dessous  de  6  Cz* 

A  10  cc  11  Gz  le  fait  qut  tous  lea  electrocardiogranunes  pr^sentent  des  modifications  n’a  pas  valeur  sta- 
tlsclque  du  fait  du  nombre  rettrelnc  d 'observations .  Male  aucun  des  sujeta  ayant  rnt4r^  de  tela  facteurs 
de  charge  n'a  prdsent^  de  trouble  de  I '^lectrocardlograrpme  jj  ^  ou  a  7  Cs. 


Etanc  donn^  le  nombre  restraint  d 'extracyAtoles  ventrieulalres  obaerv^es  aur  noe  328  enre- 
glstrements ,  11  n'apparait  pas  de  relation  entre  la  frequence  d'apparition  de  ces  manifestations  et  le 
niveau  d ' acc6liraC Ion. 


3 ♦ 4 ,  -  Relation  entre  troubles  du  rythme  et  tolerance  clinique 


Sur  le  plan  clinique,  aucunc  diminution  du  champ  vlsuel,  tt^molgnage  de  la  quality  de  la  per¬ 
fusion  de  I'ensemble  cdphalique  et  a  fortiori  aucune  perte  de  conn.ii <><]aa':e  n'eet  apparuc  pendant  ces  dya- 
rythmles.  En  partlcullcr,  il  n'a  pas  et^  nbserv^  d'alteratton  du  champ  vlauel  lors  des  phases  d'extrasya- 
tolies.  Les  manifestations  cliniques  traduisant  une  Intolerance  aux  accelerations  que  nous  avons  observees 
ont  toujours  ^t4  dissocldes  des  troublca  du  rythme. 


4.  DISCUSSION 


Notre  4tude  met  en  relief  deux  types  de  mod i f teat  Iona  majeiires  du  rytlune  cardiaque  chez  I'hnmme  soumla 
aux  acce Ldvat ions  intensea  et  prolongcoa. 


Lea  troubles  df  4.a  co^uie.ide  ainuaale  qut  sont  4voqu4a  dans  notre  drude  aurvLennent  esientlellement  a 
la  phase  de  rdcupdration.  Seulea,  lea  exCrasystolea  auriculaires  aont  observeea  le  plus  souvent  pendant 
la  phase  d 'accdldrac ion.  Ce  typo  de  ralent issement  ainuaal  a  dtd  rapportd  par  SCHUBROOK>  (1972).  Dans  la 
publication  de  cet  auteur  on  note,  chez  deux  sujeta,  I ‘ Inatallation  d'un  rythme  Jonctionn^ I.  bans  le 
premier  caa,  il  a'agit  d'un  rythme  aurlculo-vencriculaire  a  80  c/mn  qui  survienc  apres  une  paure  sinuaale 
de  plus  de  700  ms.  La  pause  apparatt  d  la  24e  seconde  d'un  test  sous  furl  facteur  de  chargr  (“f  3  vz)  et 
s'evanoulc  i  I'arret  de  la  ventrlfugeuee.  Il  faut  noter  que,  lors  d'un  second  lanccmenti  le  meme  sujet 
presenters  une  nouvellc  fois  un  rythme  ectopique  Identique,  k  ceci  pres  qu'il  se  poursuivra  aprds  I 'ar¬ 
ret  du  test|  dtant  alors  reaponsable  d'une  bradycardie  franchc  k  50  c/ron. 


Depuls  quelques  ann^esi  on  accorde  une  plus  grande  Importance  aux  dysiythmles  qui  apparaisser.t  non  plus 
au  cours  de  1 'accdUratlon  elle-meme,  ciais  k  son  ddcours,  voire  meme  lors  de  la  phase  de  recuperation  qui 
suit  I’agresslon.  C'eal  le  cas  de  WHINNRRY  (1966)  qui  Inslate  sur  la  frequence  des  arythrales  sinusales  ' 
apr^a  des  tests  en  centr Ifugeuse  chez  22  sujeta  venent  de  eublr  des  tests  k  4)5  et  7  Gz  pendant  15  secori" 
des . 


Enfln*  se  pose  le  probl^me  des  rela 
giquea  des  accelerations  et  en  particul 
tat  ions  electrocardiograph iques  d 'autre 
lacion  entre  la  tolerance  aux  facteurs 
11  est  en  effet  possible  que  les  bradyc 
alno-carotldienne  ou aggravent  la  chute 
vlsueU  du  des  pertes  de  conneissance. 
I'observatlon  d'une  perte  de  vision  ou 


ttons  entre  les  manifestations  cliniques  dea  effets  physiopatholo- 
ter  des  effets  hemodynamiques  cerebraux  d'une  pa^'ti  et  les  ir-anlfes 
part.  En  d'autres  termes,  Il  s'aglt  de  savoir  a'll  exists  une  re* 
de  charge  et  lea  dysrythmies  cellcs  que  nous  les  avons  d^crites. 
ardlet  llmitent  l'efflcacit6  des  reflexes  correetcurs  d'onglne 
du  d^blt  c«r(^bral  et  parflcipent  k  1 ' et iopathog^nle  des  troubles 
KIRKLAND  et  coll,  en  1976  et  rfUlNHERY  et  coll,  en  1979  ont  publii 
'}«  cor.nal8sar.ee  contejnporalne  d'un  troubl'i*  du  rythme. 


En  ce  qui  nous  crjncerne,  noiu  n’avona  jamais  ubaerve  de  trouble  du  rythme  asnocie  a  une  niani  festatlon 
clinique.  Nous  n'avona  jamais  observd  de  bradycsrdle  pendant  )a  phase  d 'acce lerat ion  et  tcutes  les  modifi¬ 
cations  du  tracd  ^lectrlqje,  nteme  majeuies*  n'ont  jamais  eu  de  traduction  clinique  d'i'-i..ant  plus  que  ces 
ph6nominea  survenalent  pendant  la  phase  d ' acceleration.  Dans  tous  les  cas  oij  deficits  vlsueln  ou  troubles 
de  conscience  ont  araen6  a  Interrompre  le  lancement.  le  tracd  6lcctrocardLoeraphlque  o'eat  riWeli  abaolu- 
ment  normal.  Sans  pouvoir  r^pondre  def tr.i t Ivement  k  la  question,  le  fait  que  les  dysrythmies  que  n^us 
avons  rapport^rih  .aus^i  blen  que  celles  qu'ont  d^crltes  les  auteurs  am^rlcains,  soient  d'autant  plus  iinpor- 
tantes  que  1 '  acce  lerat  Ion  est  intense  nous  parait  ctre  un  bolide  argument  de  pr^.sompt  Ion  «^n  favour  de 
I'action  dirccte  du  facteur  de  charge  sur  le  rythme  cardiaque ,meme  si  le  trouble  du  rythme  n'apparait  qu'^ 
la  cessation  Je  la  coptralr.te  et  mime  si  dea  ni6canlst^es  physiopathologiques  neuro-hormonaux  ou  m6taboLi- 
ques  Intermddlai.res  &ont  impliqu6s. 


En  ce  qui  concerne  les  troubles  de  1 'excitabl 1 i on  dlttlnguera  ceux  de  I’^tage  supraveut i' f culal re  et 
ceux  du  ventrlcule,  Les  troublefl  de  i 'cxri t Jbl 7 i t<  suriculaire  sont  peu  friquemment  rencontres  lors  d'ac- 
cei6ratlon  Gi  ,  Ni  TORPHY  et  co'l,  (19C6),  nl  SHUBROOKS  (1972)  n'observent  d 'augmentation  elgnl  Eicat  ive 
du  nombre  d'extrasystcles  avec  ect  axe  d 'acceleration.  Ce  fait  est  en  parfaLl  accord  avec  nos  r^sultats  k 
I'opDos^  dc  ceux  de  ZUTDEIIA  Col  l.(  19'>6)pI  WHINNERY  (1966)  qui  les  observent  h  la  phase  de  r^rup6rat  ion. 


Les  troubles  de  1 'excitablll t6  ventrlculaire  sous  acceleration  sont  tree  f requemment  rspportes  Uonqu e 
lour  frequence  et  I.eur  gravite  sclent  tris  variables  d'une  observation  k  I'autre.  TORPHY  et  coll.  (1966) 
n'observent  pas  d 'extrasystules  ventrlculaircs  pour  des  accelerations  de  hsut  niveau  aul  sont  h  I'orlgi- 
nc  de  pertes  totaleo  de  la  vision.  SHUBROOKS  (1972)  constate  que  93  pour  cent  des  sujeta  qu'il  souaet 
45  secondes  k  des  accdierat ions  de  6,5  &  9  Gz  en  presentent.  Le  nombre  de  ces  itxtrasystoles  est  plus  Im¬ 
portant  i  9  Gz  qu'd  6  Gz.  Dans  notre  etude , I ' Inc idcnce  des  accelerations  zur  I'apparltlon  des  extrasys- 
toles  ventrlculalres  est  falble  puifqu'elle  n'atteint  pas  10  pour  cent.  Par  contra,  comne  nous,  WHINNERY 
et  coll.  (1980)  decrivent  un  lambeau  de  tachycardia  ventrlculaire  I'arret  de  la  c^ntri fugeuse.  Les 
differences  notables  de  frequence  d'apparition  de  cea  troubles  du  rythme  d'une  etude  A  I'autre  tiennent 


vraiscmbldblefflent  i  la  multLpllcLC^  dea  protccolea  utllla^s  ct  tria  probablemcnt  auaal  au  recrutemant  dai 
auJeCa  4tudi4e« 

L’orlglne  de  cea  anomaltea  c lectrocardlographlquaa  n'ast  paa  encore  clatrement  4tablie.  Csrtalns  au¬ 
teurs  atl^guent  dea  troubles  de  la  comnande  oxtrina^que  du  coeur  et  voler.t  dans  lea  troubles  de  I'excita- 
billt^  une  dyatonle  neuro-v^g^tat Ive .  D'autrea  font  appel  k  dea  modifications  de  rempliaaage  dea  cavlc^a 
cardiaques  sous  facteur  d«  charge  alora  qua  d'autrea  encore  penaenC  k  dea  troubles  .lach^mlques  nyocardl- 
ques.  Enfin,  lea  changementa  de  position  du  coeur  dana  le  n^diaatln  provoqu^s  par  lea  forces  d'lnertle 
ser.'ilent  impliques  dans  le  processus.  L'‘b  trea  nomhreuses  mesurea  de  flux  ou  du  d^blt  coronaire  effectu^es 
chez  I'anlmal  ne  permettent  paa  de  demonCrer  la  nature  lachf^mique  de  ces  manifestations*  Dc  la  mcme  Caqon, 
les  dosages  aerlqucs  dea  enzymes  temolns  de  la  contraction  myocardlque  (SELLERS  eC  coll.  1977)  n'ont  jaraaia 
permia  de  nettre  en  Evidence  une  aouffrance  myocardlque  de  type  hypoxlque. 

Ces  troubles  du  rythme  pourraient  etre  liee  ^  dea  facteurs  heraodynamlqueo  (LRGUAY,  1983)  et  aux  v^pon- 
ses  excesalves  de  regulation  (WICKITZ  1973).  En  effot*  lors  des  acc^l^rallons  +  Gz»  les  modifications  hdno- 
dynsmlques  entratnent  une  hyperact Iv Ite  orthoaympathique  avec  lev^e  du  tonus  vagal  s'expllquant  par  une 
miae  en  Jeu  dea  barordeepteura  sino’-carotldiena  et  aortiques.  L'cnsemble  des  effeta  de  cette  regulation, 
asaocids  aux  reactions  de  stress  augmentant  le  taux  de  catecholamines  clrculantes  aeralent  k  I'orlgine  des 
troubles  de  I 'exc Itabl litd  myocardlque  fSHUEAuOKS  1972>  WICHXTZ  1975). 

l*es  troubles  du  xythme  quL  apparalsaent  k  I'arret  de  la  centrlfugeuse  on  dans  los  premieres  secondea 
quL  suivent  peuvent  s’cxpLiquer  par  les  reflexeu  mis  en  Jeu  lots  du  retonr  brutal  du  sang  velncux  aux 
Lis  droltes,  mats  ausai  par  1 '  importance  du  tonus  parasympathlque.  Ce  conus  seralf.  alora  ^  I’origfne  de'> 
bradycardles ,  dea  blocs  alno-aurlculalrea ,  des  dcKappemenCt.  Les  sportiTs,  les  longl L Lgnes ,  seraienc  plus 
suject  aux  troubles  du  rythrae  qua  le  reste  de  la  population.  II  ne  6*aqlt  pas  pou.v  autant  de  man! festations 
d ' intolerance ,  m^ls  le  tdnoignage  de  la  prdponddrance  du  nerf  vague  dont  1 ' import ance  scriit  liAe  au  niveau 
d'occdldratlon  (CLERfi  et  coll.  1984). 

5.  CONCLUSION 

Les  dysryChmies  observ4ee  lore  des  lancenents  en  centrlfugeuse  sonc  pour  I'essentlel  des  trembles  be- 
nlns  de  la  commands  sinusale,  Identiqiies  k  celles  que  l‘on  observe  dane  d'autrFS  clrconarsnces  chez  le 
sujet  sain  lor*  de  I?  pratique  sportive  notomment.  Plosleurs  observations  viennent  toutefols  renforcer  la 
notion  dc  1 'existence  de  dysryChmies  plus  graves  et  nocamsent  ventrlculalres.  Nalheureusenent ,  nl  la  signi¬ 
fication  phyalopathoLoglqua,  nl  rn^me  le  pronosclc  dc  ccs  troubles  du  rythme  ne  sent  parfaltement  ^tablla* 

Cea  dysrychnles  posenc  Lc  probl^me  de  la  edlectlon  et  du  suivl  nodical  des  pilotes  de  combat.  Dea 
tests  ^lectrocardlographlques  en  contri  fugeuse  dolvant..lls  Stre  utilises  pour  s^lectionner  et  si'iwre  I'en* 
tratnenenc  des  pilotes  aux  acedUraMons  ?  En  fait*  en  l*^tat  actucl  de  nos  connaissances,  lea  anomalies 
^lecCrocardiographlqucs  nc  scoblcnt  pas  presenter  un  facteur  llmltanc  aux  accelerations  ct  nc  Jouent  a  c>;t 
egard  qu'un  i*()le  de  second  plan  devanc  les  troubles  de  1 'henodynamlque  cerebrale. 
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DISCUSSION  OF  SESSION  111  -  MEIJlCAL  SELECTIOH!  CAn.DlOVASCOLAfl  ASPECTS 

(Papers  31.  32.  :0  and  34) 

COL  PSIMENOS  (GR) 

I  would  like  to  ask  Dr  Hickman  if  you  have  a  standard  schema  for  high  G  resistance  physical  fitness 
programme?  Not  high  G  training  but  a  physical  fitness  programme  for  tlie  pilots  of  high  performance  aircraft? 

AUTHOR'S  REPLY  <COL  HICKMAN  (US)) 

Gen  DeHart  actually  had  a  back  up  slide  to  show  the  USAF  pilot  physical  fitness  programme  which  is  well 
defined.  It  comprises  a  rather  low  level  of  aerobic  exercise  and  consists  In  greater  part  of  weight  lifting  and 
resistive  exercises.  The  programme  has  until  now  been  voluntary  and  because  of  the  heavy  schedule  of  other 
activities  It  has  not  been  followed  by  all  pilots.  However,  the  programme  is  now  standardised  and  Gen  DeHart 
is  recommending  that  It  should  be  made  mandatory. 

COL  PSIMENOS  (GR) 

I  wculd  like  to  ask  one  more  question  about  selection.  Of  course  we  have  been  discussing  medical  selection 
and  I  am  sure  that  there  is  another  selection  before  or  after  -  psychoteehiile  selection/psychologlcal  selection? 

AUTHOR'S  REPLY  (COL  HICKMAN  (US)) 

Yes,  there  are  multiple  selections  but  the  driving  force  at  the  branching  point  In  a  dual  track  system  is  not 
medical.  If  the  system  evolves  as  we  hope  it  will,  the  choices  will  be  made  administratively.  The  best 
candidates  to  become  tanker,  bomber  and  transport  pilots  (for  whatever  composite  skills  makes  the  best  tanker, 
bomber  or  transport  pilot)  will  be  identified  before  the  fighter  attack  reconnaissance  medical  screening  is 
done.  Thus  the  screening  will  not  dictate  who  becomes  a  fighter  pilot  but  the  choice  of  fighter  pilots  will  be 
based  upon  attributes  of  training  and  perform.'nce.  However,  a  small  number  of  those  selected  wilt  not  be 
able  to  become  fighter  pilots  because  of  phyi  tcal  defects.  But  the  equation  is  not  driven  by  tlie  advanced 
medical  screen,  administrative  selection  comes  ,lrst.  Actually,  if  the  programme  evolves  as  Gen  DeHart  has  set 
it  up,  these  aircrew  will  actually  go  to  specific  fighter  attack  and  reconnaissance  bases  before  the  advanced 
medical  screening  is  carried  out.  This  would  allow  us  to  perform  the  advanced  medical  screening  at  three 
bases  rather  than  seven.  TTius  the  selection  will  be  made  and  the  aircrew  member  will  go  to  another  location 
before  the  advanced  medical  screening  is  done. 
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LT  COL  GRAY  (CA> 

I  have  a  q<iestlon  for  Dr  Hickman.  The  cardiovascular  screening  that  you  recommend  is,  as  It  should  be,  non- 
invBsive  in  nature  but  I  wonder  what  you  do  with  the  candidate  in  whom  you  identify  an  abnormality.  I'm 
thinking  for  instance  of  somebody  with  a  WPW  pattern,  whom  you  reject  and  who  decides  on  his  own  to  go 
outside  and  have  further  invasive  testing  and  electro-physiologic  studies.  If  a  candidate  does  that  on  his  own 
would  you  then  be  willing  to  look  at  him  again? 

AUTHOR'S  REPLY  (COL  HICKMAN  (US)) 

Yes,  this  is  an  area  in  which  we  have  had  to  set  policies.  We  believe  that  Invasive  procedures  should  be 

restricted  to  those  who  are  already  engaged  in  a  dangerous  occupation.  We  do  not  believe  that  procedures 
with  risk  ought  to  be  applied  to  those  who  only  want  the  opportunity  to  learn  a  dangerous  occupation.  Since 
at  least  25%  to  30%  of  aircrew  candidates  will  not  make  it  for  other  reasons,  there  is  no  guarantee  that  the 

individual  on  whom  you  perform  a  cardiac  catheterisation  in  order  to  determine  that  he  is  fit  to  enter  flying 

training  has  the  right  eompositive  psychomotor  skills  to  become  a  pilot.  The  overwhelming  majority  of  aircrew 
leave  the  Air  Force  after  only  5  years.  Thus  only  a  very  small  number  of  those  requiring  Investigation  would 

remain  In  the  Air  Force  for  a  full  career,  and  thus  we  believe  that  the  risk  associated  with  invasive 

investigations  in  untrained  aircrew  Is  unaccep'"'  ’•  Now  I  had  a  list  of  conditions  such  as  Wolff- 
Parkinson-White  ECG  finding,  left  bundle  branch  block,  exercise  induced  ventricular  tachycardia  and  a  whole 
host  of  abnormalities  in  which  we  could,  using  invasive  electro-physiologic  studies,  clear  individuals  for  flying 
training.  We  recently  had  a  case  of  an  Air  Force  Academy  graduate  with  Wolff-Parkinson-White  who  wanted 

to  go  to  flying  training.  We  turned  him  down.  He  finally  found  a  university  professor  who  was  willing  to 

perform  a  3  day  electro-physiologic  study.  The  study  proved  conclusively  that  the  officer's  by-pass  tract  would 

not  conduct  ant!  grade  faster  than  130  beats  per  minute  and  that  It  would  not  conduct  retrograde  at  ell. 
This  meant  that  he  did  not  have  true  ventricular  pre  cxitation  but  only  had  a  vestigial  by-pass  tract.  For  the 
university  professor  this  represents  one  interesting  case.  Por  us,  whether  one  person  or  49  persons  out  of  50 
has  It,  we  would  still  have  to  carry  out  the  full  Investigation.  I  think  the  university  professors  would  grow 

very  weary  if  they  became  a  centre  for  Invasive  studies  in  those  who  had  not  yet  even  learnt  to  fly.  We 

entered  this  Air  Force  Academy  graduate  into  flying  training.  It  v/ould  have  been  unreasonable  not  to  do  so. 

This  ease  has,  however,  not  changed  our  feeling  about  the  reservation  of  dangerous  procedures  only  for  those 
who  are  In  dangerous  occupations.  We  realise,  however,  Ihnt  if  we  were  prepared  to  carry  out  invasive 

procedures  we  would  clear  many  more  people  for  pilot  training. 

MED  GE'n  INSP  COLIN  (FR) 

Dr  Dlder,  you  were  kin-'  enough  to  present  the  paper  (No  33)  by  Drs  .Seigneuric  and  Leguay  roixirtlng  24 

hour  ECG  recordings  in  pilots  In  flight  and  on  the  centrifuge,  I  would  like  to  put  a  short  qusjtlon  in 

connection  with  the  differences  between  the  results  ob'  lined  on  the  centrifuge  and  those  which  occurred  in 

flight.  May  they  not  have  been  due  to  the  sensory  illusions  which  accompany  the  deceleration  of  the 

centrifuge? 

AUTHOR'S  REPLY  (MED  CLERE  (FR)) 

Yes,  this  is  one  of  the  main  problems  that  arose  when  we  analysed  our  results.  To  my  mind,  very  often  we 
tend  to  think  that  all  these  arrhythmias  are  linked  to  the  conditions  of  the  trial  (occeleration  stress).  In 
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particular,  there  is  the  problem  of  sensory  stimulation.  What  I  would  like  to  do  Is  to  try  to  simulate  the 
senao-y  stimulus.  I  would  choose  subjects  with  marked  arrhythmias,  put  them  in  a  centrifuge  with  a  gondola 
which  Is  tilted  gradually  ns  the  G  Increases.  Then,  a  few  days  later,  1  would  test  them  again  with  pre-tilting 
of  the  gondola  in  advance  so  that  there  is  no  sensory  stimulation.  Such  a  study  should  show  tlie  effect  of 
the  senory  stimulation.  Another  possible  cause  of  the  difference  that  occurs  between  a  fighter  aircraft  and 
the  situation  prevailing  in  a  centrifuge  is  that  as  the  centrifuge  slows  down  the  subject  is  in  a  passive 

recovery  phase,  he  docs  not  speak  or  move  and  so  there  Is  a  sudden  return  of  the  blood  to  the  atrium. 
Whilst  In  the  situation  of  the  Hghter  pilot  tn  the  aircraft  even  when  the  G  ceases  the  pilot  Is  still  exposed 
to  flight  stress,  and  consequently  the  phenomenon  will  be  less  important  in  this  situation.  TTiere  may  be  other 
combined  reasonr,  may  be  some  members  of  the  meeting  here  could  help  me  find  another  explanation? 

COL  VAN  DEN  BKiGELAAR  (NL) 

Our  experience  with  centrifuge  training  is  that  the  stress  is  very  large  so  that  you  could  postulate  that  the 
higti  heart  rates  which  occur  under  G  on  the  centrifuge  are  due  to  the  effect  of  adrenalin,  and  that  this 
effect  is  less  in  the  aircreft.  We  have  not,  hov/ever,  recorded  the  ECO  in  flight.  Of  course,  as  you  stated, 
another  factor  which  is  introduced  by  the  centrifuge  itself,  is  the  high  stimulation  of  the  semicircular  canals. 
Even  if  the  gondola  Is  pre  positioned  at  a  certain  bank  angle  before  the  centrifuge  starts  rotating,  there  is 

.stimulation  of  the  vertical  canals  whenever  the  G  changes.  This  appears  to  the  subject  as  a  tilting  of  th" 
whole  cabin.  It  is  quite  a  stress  factor  which  has  to  be  taken  Into  consideration.  I  am  very  surprised  at  the 

low  heart  rates  which  you  found  under  G  in  actual  flight.  They  are  much  lower  than  those  which  we  found 

in  the  centrifuge. 

,  AUTHOR'.?  REPLY  (MED  CLERE  (FR)) 

I  agree  with  you  that  semlolrcular  canal  stimulation  can  occur  even  with  a  pre  positioned  tilt.  May  be, 

however,  I  did  not  explain  adequately  that  we  recorded  heart  rates  during  the  onset  and  during  the  plateau 
acceleration  phases  which  arc  quite  similar  to  the  results  found  In  other  centrifuge  studies  but  that  most  of 
the  arrhythmias  occurred  during  the  recovery  phase.  Thus  during  the  15  seconds  aher  the  cessation  of  G  some 
subjects  show  a  sudden  slowing  of  the  heart  rate  with  the  heart  rate  falling  from  140  to  100  or  even  lower. 
This  is  what  was  quite  surprising  to  ns.  1  would  like  to  explain  also  the  object  of  our  experiment*.  In  our 
laboratory,  for  various  reasons,  we  lest  pilots  who  have  had  a  problem  while  flying,  such  as  loss  of 

conseiourness  or  in  whom  an  arrhythmia  has  been  found.  We  run  them  on  the  cenirlfuge  to  determine  how 
they  behave  under  well  defined  conditions.  Originally  we  performed  tests  at  up  to  5  G  but  for  the  last  2  or 
3  years  wa  have  conducted  the  tests  in  two  stages.  The  first  stage  comprises  a  rapid  onset  rate  going  to  4, 
5,  6,  7  G  with  5  sec  plateau  at  each  level.  Thirty  minutes  later  the  sut>jeet  Is  exposed  to  sustained  7  G.  We 
have  found  that  arrhythmias  are  more  frequent  In  these  tests  than  had  occurred  in  the  5  0  test.  We  ask 

ourselves  the  question  "What  are  we  going  to  do  with  such  people?".  Are  these  people  to  be  rejected  or  is  it 

really  a  minor  sign  which  should  be  ignored?  This  is  why  we  started  the  study.  Wc  concluded  from  it  that 
not  all  arrhythmias  are  necessaplly  pathological.  I  remember  an  experiment  conducted  2  years  ago  with  a  test 
pilot  who  was  exposed  to  four  different  runs  separated  by  30  second  intervals.  Each  run  lasted  1  minute  and 
the  maximum  acceleration  was  fl  G.  We  observed  arrhythmias  during  this  experiment  but  they  were  related  to 
the  stress  and  It  v/asn't  a  sign  of  severe  pathology. 

COL  VAN  DEN  BIOOELAAR  (NL) 

We  have  no  such  elaborate  data  from  our  centrifuge  training.  About  2097  of  the  cases  that  wc  evaluated  had 
isoHted  pVCs.  Ail  the  PVCs  occurred  at  above  6  G  which  corresponds  v/ith  your  findings.  If  the  G  is 
increased  in  steps  every  so  many  seconds  the  procedure  is  extremely  fatiguing  for  the  subject.  We  use  a 
slightly  different  (■•  pattern  as  ni  explain  In  my  paper. 

COL  HICKMAN  (US) 

1  certainly  admire  the  willingne.ss  of  your  French  aviators  to  wear  Hotter  monitors  in  flight  and  to  be 
experimental  subjects.  Our  aviators  are  very  reluctant  to  be  monitored.  We  cannot  grant  them  a  King's  pardon 
If  they  have  a  serious  arrhythmia  even  though  the  exposure  has  been  for  experimental  purposes.  What  was 
your  aeromeoioal  disposition  of  the  case  with  ventricular  tachycardia?  Was  he  an  aviator?  n'd  you  waiver  this 

individual  to  coi.tinue  flying  as  a  fighter  pilot  with  ventricular  tachycardia? 

AUTHOR'S  REPLY  (MED  CLERE  (FR)) 

The  subject  was  not  a  pilot  so  there  was  no  waiver  to  be  awarded.  We  are  quite  cautious  and  wary. 

COL  HICKMAN  (US) 

And  If  a  Mirage  pilot  has  a  4  or  5  beat  run  of  ventricular  tachycardia  on  the  Holler  monitor  during  flight 
what  will  you  do? 

AUTHOR'S  REPLY  (MED  CLERE  (FR)) 

This  really  Is  a  problem  because  the  pilots  who  we  use  for  our  experiments  know  that  doctors  are  testing 

them  so  that  they  arc  always  anxious  with  respect  to  their  medical  fitness  to  fly.  !  have  to  try  to  place 

myself  In  the  situation  that  I  have  when  >  am  a  consultant  examining  a  patient  referred  by  another  physician, 
when  I  would  have  to  report  any  abnormality  which  I  found.  There  is  a  problem  here  with  respect  to  the 
mutual  confidence  between  patient  and  doctor.  It  is  a  rather  delicate  situation.  In  this  situation  I  would  try 
to  persuade  the  pilot  that  It  is  a  significant  finding  and  that  he  should  make  the  decision  to  have  it 
investigated  further.  I  am  not  going  to  make  the  decision  for  him. 

MED  EN  CHEF  ILLE  (FR) 

A  similar  problem  did  arise  In  connection  with  ventricular  dilatation  and  trl  cuspid  Insufficiency  which  we 
discovered  just  by  chance.  TTie  ease  was  a  fully  fledged,  very  able  pilot  who  had  started  his  training  on 


i_' 


If 


03-3 


Mirage  2000.  Wc  /ouno  the  defect  when  we  Inti'odiieed  eclioeardiogTsptTj)  on  an  expcrltnentsl  basis.  Hie  medical 
decision  that  }ie  was  not  fit  to  fly  the  Mirage  2000  was  not  well  received  e'ther  by  the  pilot  Oi-  Command. 
Eventually,  the  proVdem  was  solved  as  followst  the  pilot  was  interviewed  and  we  explained  to  him  the  risks  he 
woidd  be  taking  in  exposing  himself  to  high  accelerations  with  the  proven  tri  cuspid  Insufficiency;  eventually 
he  ctcided  to  abandon  his  training  on  the  Mirage  2000.  Ttils  was  a  very  specific  and  special  case.  It  should 

not  conceul  trees  In  the  forest.  Physicians  will  have  problems  cf  ethics  in  such  elreurnstances.  When  pilots  aet, 

as  ex|icritrental  subjects  for  us  ive  must  accept  ttiat  we  may  have  to  make  a  decision  as  a  medical  expert. 

COL  HICKMAN  (US) 

The  reason  that  t  ipceifict.lly  asked  about  ventricular  tachycardia  Is  that,  in  the  US  Air  Force  prior  to  1980, 
if  an  nv.ator  hod  teehnieal  ventricular  tachycardia,  which  is  3  heats  In  a  row,  on  any  kind  of  str.'ss  test, 
wheiher  it  was  treadmill  or  oentrifuge  or  a  bloyeie  muga.  It  was  permanentfy  disqualifying  fiom  flyin;  sty'.us. 
We  fo'lowed  up  45  eviators  who  had  been  grounded  for  3,  a  or  5  beat  runa  of  ventricular  tachycardia  at 
peak  exercise  a  mean  period  of  6  years;  the  mean  age  was  4<l,  20%  of  this  group  had  an  eeute  eardiae 
event,  either  angina  infraction  m  sudden  death  within  6  years.  We  could  not  accept  an  event  rate  of  10%  in 
6  years  and  yet  nothing  ha'.ipened  to  4  out  of  every  5  of  those  avk-tors  with  ventricular  tae'nyeard  a!  ;in 
order  to  retu.'-n  an  aviator  in  the  US  Air  Force  who  has  had  ventricular  tack;, cardie  beck  to  flying  -staius'he 

must  undergo  a  thorough  non  invasive  and  invasive  evaluation  because  tlie  major  underlying  disease  b  ccrorldry 

artery  distese.  Of  those  who  died  suddenly  the  cause  was  either  prolapse  or  coronary  artery  disease,  li  one 
case  it  wji  amyloid  We  cannot  overlook  an  episode  of  ventricular  tachycardia  although  we  reeogniso  that 

most  episodes  of  corcot^x  ventrlculai  nrrhythmlui  occur  during  peak  autonomic  outflow.  Its  interesting  bj  note 

that  your  incidence  of  0.5%  of  ventrioMlar  tachycardia  Is  exactly  identical  to  03."s,  once  in  every  200  times. 

MFil  EN  CHEF  ILLE  (FR)  ■  -  '  '  ' .  r. 

I  fully  agree  with  Dr  Hiekraan  that  ventricular  tachycardia  nust  be  teken  seriously.  Ttio  action  hate  appears 
to  ta  quite  logicsl  and  obv’ous.  It  seems  to  me,  however,  that  a  problswi  does  arise  in  relation  to'  an  isolated 
ventricular  systole  in  a  subject  of  about  35  years  of  age.  For  example,  a  subject  who  smoke*  who  has  a 
cholesterol  level  of  2.9  and  who  is  not  abiding  by  the  hygiene  ano  dietary  instructions  which  nra  given  to 
him.  Should  he  br.  prohibited  from  flying  or  should  we  try  to  impose  upon  him  further  r.pn  invasive  and 

invasive  examinations.  Ifhat  b  the  attitude  of  the  US  Air  Force  in  this  matter? 

AUTHOR'S  REPLY  (COL  HICKMAN  (US))  ■  . 

This  opens  up  a  very  Important,  deeply  ctlilcal  question  The  question,  as  you  pose  it,  ie  what  wpi-'ld  we  1o 

with  individuals  who  have  high  cardiac  rlskj  but  continue  to  fly?  Wc  do  not  ground  anyone  fo,'  cardiovascular 
risk  but  we  have  n  series  of  thresholds  based  uoon  a  regre.ssi  n  equation.  Based  upon  thesr  thresholds  they 

may  be  required  to  have  n«  i  invasive  studies  at  their  own  base  or,  if  they  go  ebove  a  certain  level,  tliey 

aulomatlcBliy  have  to  come  to  USAP  SaM  (or  a  cardiac  evaluation.  We  stage  our  evaluations  accordingly  lo 

look  for  asymptomatic  disease.  Unfortunately  about  30%  of  coronary  artery  disease  cannot  be  explained  on  the 
basis  of  cardinal  risk  factors  f  >  when  we  are  presented  v/ith  a  t  ase  of  ventricular  tachyca'dia  _  hi  somepne 
■  with  tio  apparent  risk  factors^  for  aylafon  medical  purposes  the  problem  i#  still  not  simple.  '  ^ 

1  would  like  to  make  another  oo.nment,  if  there  is  iihve.  It  relate?  to  an  area  that  Dr  Didler  hrj  already 

brought  up  legardibg  echoeardiographlc  changes  In  pilots.  »'»  could  discuss  fer  a  long  time  the  different 

rneebaiilstiis  bi/t  I  just  want  to  add  very  quickly  a  couple  of  thingt  wt’.i.i  I  think  that  the  AOAKD 

Aernmcdicsl  Panel  shoul;  he  attentive  to-  Ve  ksve  for  a  long  time  lieen  retvming  aviators  In  the  U3  Air 
Force  with  left  b'.pdie  branch  olock  to  Dying  strtu*  if  they  have  a  norma,  angiography  and  a  normal  bundle 
of  His.  We  have  seen  elevate''  left  ventr.eiilar  end  dlastaiic  pressures,  we  ;  re  seeing  abnormal  thallium  scans 
in  the  septum  of  left  bundle  oraneh  block  cases  with  no  corone'y  disease.  Ife  began  to  see  these  patients  in 
1869  and  15  to  20  years  later  a  certain  proportion  that  is  in  excess  o*  5%  are  starting  to  show  clinically 
significant  cardiomyopathy.  Similar  findings  are  occurring  at  the  f.Vyo  cHnlo  in  Nor;h  West  Orient  airline 

pilots  with  left  bundle  branch  block.  In  ou'  p.tlents,  with  “b-io-nal  treadmills  but  w'  o  have  normal  coixmery 
arteriograms,  most  of  the  ventricular  preir.iture  beats  during  exercise  if  •hey  have  a  normal  ST  segr.ant 

response  come  from  the  left  venflcle  rather  than  the  right  ventricle.  Dr  Forlin.  at  USAP  SAM  a  iiumcer  of 
years  ago,  saw  perslstcrit  T  vector  changes  In  the  vectorcci’dlogram  after  human  eentrifugi  studies  What  i  am 
getting  to  is  that  we  are  placing  people  baci;  on  (V;,lng  status  who  are  perfectly  healthy,  witii  what  .ce 
presume  to  be  minor  disorders,  but  we  do  not  have  n  clear  Idea  as  *0  whether  or  not  long  tenr.,  repetitive, 
after  load  increases  imd  perhaps  even  Ischbemlc  clirngks  are  '^cu'-rl  ig  in  Ihe  myocardium.  We  are  now  faced 
with  Hie  que.sliOrt  of  wlietiier  tliis  is  evdi.  occuirutg  irt  the  i,or'..-*i  ‘'entricle,  ecen  a.a!iem!e  who  liaa  no  suh 
clinical  problem.  We  have  fvid  great  difficulty  '.n  pers,>Hding  the  operatorf  ‘o  accept  the  fact  ;|vv  repetitive, 
high  sustained  G  may  be  ii  vey  dangerous  ionj:  term  unquontitated  cnvlror  menial  ha.:atd.  We  arc  not  handling 
it  the  way  we  handled  radiation  and  otlier  similar  harards  where  we  "Vitroduocd  dosimetry  and  appropriate 
preventive  measures.  1  really  believe  that  the  membai^  o*  the  AOARE  AMP  need  to  pool  their  data,  tliey 

need  to  take  a  long,  hard  look  at  a  plan  to  base  paralWl,  age-malchcd,  one  for  ,one  studies  so  thet'  .his 
question  oan  be  answered.  Twenty  20  years  from  now  wlnen  the  first  avlclor  with  a  eonge.itlve  eardlomyi  lathy 
that  may  be  totally  imrcluted  to  flying  turns  up  and  says  "Do  I  have  congestive  cardiomyopathy  beoause  of 
20  years  In  the  FIS?"  Whal  will  we  say?  Given  the  political  cllmatv  I  (iiink  that  Ihe  mHItary  will  get  the 

blame  whether  there  is  any  relationship  or  not.  I  believe  tliat  cthiee’i.v  he  can't  go  muo’'  further  wilho'.i; 

having  a  firm,  strong  plan  to  find  the  answers  to  these  kinds  of  pr  blums.  This  is  not  a  physical  standards 
problem  because  they  pass  a'.l  of  the  standards.  If  we  do  Aot  ••omo  up  with  a  plan  end  sell  It  ■.lell  among 
ourselves  we  will,  not  have  served  tt.e  aviators  as  well  as  we  mir.hc.  .  ,  \ 

DR  ALNAES  'MO)  '  ,  .  '  .  '  i 

I  had  a  question  for  I/r  IHc,  0*'  course  the  two  populatloiis  that  were  'slIgnMy  Oifferent  in  some 
echocardlographie  parameters,  ventricular  thickness  ah<(  right  ventric'.e  dilatation,  were  st.atlftle8'’y  rnntehed  In 
such  a  way  that  all  mean  values  were  virtually  Identical.  Now  1  wondered  whether  they  were  al'r  nvJtencd  In 
other  parameters  Hire,  for  example,  pliysieal  fitness,  aerobic  capacity  and  so  On?  We  all  kno.r  tii.  t  fignfer 

plots  and  transpwf  pilots  also  iced  very  diffrient  Uvea  outside  the  cockpit.  Did  you  investigate  ..hcs*  at.nr 
to  see  whether  your  findings  were  just  a  ease  of  athletic  heart  for  example? 

V,  ;  \ 


i;3‘4 


'  I  '  1  ' 

Au:^.'ipiv<i  RBPL?  OVIE^  cr  CHEF  IjiM.  <r^»  _  ‘  "  '  /  ,  ^  .  •  ' 

Both  populations'  'at-e;  quttC  ,*  iijr'V.  63  regards  un*Jiropometric  ori^trfa.  l/nfortunateiy  it  was  impossible  to  study 
family  history  in  depth,  More  ade.quate  pirotocols  might  he"#  <h,,ne'  I*  but  we  dt-ci Jed' '  ihct  we  would  launch 
this  exercise ,  when  we  were  recfiested  to  decide'  whether  the  «R*itUj*'  or.  papaeity  stnndf  ds  should  te  changed 
for  p'lots  who  ere  to  operate  the  Mirage  I'PO  so  vit~,  tried  to  fu.te  a  good  basis  for  ctroarisjn.  As  you  saw, 

^  the  two  populatio^is.  were  f  lentica),  the  i^v.e  age,  ’'he  same  a'  xe,  the  .  sq‘.  ?  weight.  But,  as  you  i-sy  quite  i 

rightly,  1  liave  no  idea  which  prtrpie  ’noked  or  the  extent  r,f  tnol"  physical  8ctivin''S.  It  is  well  known  that  ; 

transport  aircraft  pilots  do  r'j\  practice  sport  ac  do  f^mter  pilots  or  phjslcal  exercira  as  do  /ighter  pilots 
and  also  that  .iransport  'pi’ois,  '  ueeaurn  of  the  long  haul/  they  have  to  fly,  will  svioke  more  than  fighftr 
pilots,  flo  son“  eien'cnts  wete  not  exact^'.'  similar,  i  .lon’t  th'..ik  that  these,  deficlehelas  were  Shflioient  to  i; 

explain  the  eohooardiograp  tic  dif.'erencej  which  ,  wc  were  able  to  moarjro.  I  muat,  say  that  initially  t'.\e  i 

diserepacicies  t.ere  not  strt.'iing  pey’aiise  the  valur.s  were  Just  af  the  upper  Emits  of  inality.  Thu(.  if  we  had  ' 

I  rot  been  partlcular|t  attentive  tv'  sucii  data  . ’.yK,n  wo  X'.ight  ,‘avc  missed  it,  ,‘it  rat  only  on  the  basis  of  ; 

‘  statictioal  htudicfi  ■  that  «e  were  .l3d  to  ,  think  '  there  war,  sigpificant  differences  berwee..  the  ^ 

ectr  eardtngraphii  fln.tlngs  o/,  the  tOi  groups  cf  ahuro'V. .  Howcvdi  in  at„v'er.to  your  qiiestlo.  ,  !  must  sny  ; 

llv*.  i'  was  difficult  for  vs  to  ecHleyl  inC'or'nat'rn  on  all,  the  factors  wjiich  m,ght  explain  t'he  ofservod  '  i 

,  ;'i''.iferenccs.  /  .  i  ,i  '  '  '  \ '  ■  '  ,  '  ■  ,  ‘  ; 
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ENTRY  VISUAI-  STANDARDS  AND  OCULAR  EXAMINATION  TECHNIQUES 
FOR  FUTURE  FIGHTER  AIRCREW 

by 

Dr  D.H,  Brennan 

Royal  Air  Foice  Institute  of  Aviation  Medicine 
Farnborough,  Hampshire,  United  Kingdom 

SUMMARY 

The  visuj'.l  tasks  of  future  fighter  aircrew  are  likely  to  Increase  both  in  magnitude 
and  complexity.  The  Increasing  adoption  of  devices  for  visual  enhancement  and  protection, 
even  now,  poses  problems  of  the  integration  with  spectacles. 

The  visual  standards  required  for  Initial  selection  for  training  as  a  pilot  or  navi¬ 
gator  should,  if  numbers  permit,  be  such  that  trained  aircrew  are  unlikely  to  require  a 
visual  aid  until  presbyopia  physiologically  demands  correction  in  the  latter  half  of  the 
fourth  decade. 

This  paper  will  discuss  the  visual  standards  considered  apposite  for  future  fighter 
aircrew  and  the  related  ocular  examination  techniques  both  conventional  and  those  designed 
to  teat  such  specialised  oeular  functions  as  stereopsis,  glare  resistance,  dark  adap¬ 
tation,  hue  discrimination  and  modulation  transfer  function. 

INTRODUCTION 

Toe  visual  task  of  current  fighter  aircrew  is  already  demanding  and  it  is  likely  to 
inoroasc  in  future  generation  aircraft  fitted  with  new  weapon  systems.  Although  the 
pilfjt's  role  is  the  most  visually  demanding,  the  navigator  is  also  increasingly  required 
to  operate  comple,.-  optical  and  electro-optical  devices.  When  these  are  coupled  with  pro¬ 
tective  devices,  which  in  turn  may  cause  a  reduction  in  the  field  of  view,  diminish  the 
luiniv.ous  transmittance,  introduce  optical  errors,  reflections  and  haze/  the  visual  load 
is  compounded.  Any  increase  /n  that  load  resulting  from  a  decrement  in  ocular  function, 
redM'~ing  thu  appreciation  of  one  or  more  of  the  three  visual  senses  of  form,  ligiit  and  ■ 
colour  may  well  be  unacceptable  in  combat.  The  other  disadvantages  associated  with 
spe  tacles  and  contact  la;  ses  and  their  Integration  may  also  be  unacceptable  in  that 
con  i,xt .  '  , 

DISADVANTAGES  OF  SPECTACLES  AND  CONTACT  LENSES  IN  irLIGHT 

Entry  visual  standards  for  aircrew  vary  widely  between  nations.  The  pragmatic 
approach  of  tallc.-lng  visual  standards  to  the  availability  of  recruits  l.s  often  the 
determining  factor.  It  is  tometimes  assumed  that  because  spectacles  or  other  vl.sual  aids 
w.lll  restore  vision  to  the  level  demanded  by  the  ta.sk,  the  disadvantages  associated  with 
their  use  are  rolatiseiy  unimportant,  but  this  is  not  always  true. 

Veiling  glam  reduces  contrast,  between  target  and  background  and  causes  cunsiderabia 
problems,  partlc’darly,  when  the  cockpit  Is  in  sunlight  and  the  aviator  Is  scarciiing  an 
area  .In  shadow.  Under  these  conditions  visual  search  and  colll.sLOn  avoidance  Is  more 
difficult,  Clark  (Ref  1).  Veiling  glare  Is  largely  produced  by  haze  i.-  transparencies 
cauKOd  by  dit,  mist,  scratches  or  inherent  material  haze  and  is  additive  when  locking 
t.nr'/ugh  a  variety  of  transparenc l»-r.  such  as  windscreen,  doicing  system,  head  up  display 
roiriljinet ,  helmet  visors  and  respirator.  The  addition  of  a  further  transpoCrency  either  in 
spectacle  or  contact  lens  form  only  compounds  the  problem.  Ref Icction.a  from  and  between 
transparep"les  may  also  prove  troublesome,  but  these  can  .be  minimised  by  anti  reflection 
coatings.  These  coatings,  Viowever,  cannot  be  applied  to  man;  transparencies  a, id  are  both 
expensive  and  fragile. 

Alicruw  using  night  vision  goggles  (NVGs)  ,  oi  other  opt.’cal  equipment,  may  b-  pro¬ 
vided  with  devices  incorporating  .a  dioptre  adjustment  typically  in  the  range  -3.00  to 
+  2.0C.D.  This  vuill  provide  a  correction  for  spherical  err-^rs  but  will  not  correct  astig- 
niatisn.  The  optical  design  of  some  equipment  does  not  firovlde  the  facility  of  a  simple 
dioptre  adjustment  or  even  permit  its  Incorporation.  It  is  also  very  uncommon  to  find 
designs  which  permit  cylindrical  lenses  to  be  held  at  the  angles  peculiar  to  an  astig¬ 
matic  aviator.  It  can,  also,  be  difficult  to  integrate  spectacles  with  optical  equip¬ 
ment  by  virtue  of  limited  eye  relief,  Inconpatabi  lity  with  eye  i  iece  .shr-  ■  because 

of  oscillation  of  spectiodts  on  thn  face  during  vibration  in  high  speed  ,vftl  flrght. 

Fighter  aircrew  using  NVGs  rtqvilri.  a  i-roLecLlve  sliltlJ  ueU'eeii  ihe  eyes  m- '  i.'  ■  NVGs. 

The  limited  eye  relief  of  .soir.e  NVGs  will  not  permit  both  spectacles  and  piotec  .lvo  shiolds 
tc  re  worn.  This  problem  als  j  occurs  with  respirators  w(tcn  the  design  cf  the  visual  area 
demands  a  dedicated  spectBcls  dasign.  Lenses  may  have  to  bo  positioned  close  to  the  eyes 
with  the  attendant  problems  of  coiit.uminat ion  by  the  grsane  on  .lushes.  Some  respirators 
and  protective  shields  also  iequire  lenses  to  be  set  at  ongles  to  the  visual  axes  in 
order  to  fit  within  the  limited  spatial  envelope.  This  ...s  unrvBirabie  and  in  higher 
powers  of  lenses  may  require  a  modiflcaticn  of  prescriptions. 

luturc  protective  and  enhancement  devices  are  increasing  in  their  complexity  and 
their  integration  with  spectacles  is  likely  to  oe  even  more  Eifflcu,!,*;  and  expensive. 


Trials  have  proved  the  acceptability  of  contact  lenses  in  the  aviation  environment, 
Brennan  (Ref  2)  and  the  problems  Involved  with  Integrating  spectacles  with  optical 
devices  are  largely  overcome  by  their  use.  Contact  lenses  do,  however,  present  problems 
of  their  own.  Where  aircrew  may  be  compelled  to  fly  intensive  operations  it  would  be 
necessary  to  use  high  water  content  lenses  that  could  be  worn  constantly,  for  periods  in 
excess  of  48  hours.  Such  lenses  can  be  difficult  to  maintain  in  a  military  environment 
and,  exceptionally,  may  result  in  ocular  pathology.  Contact  lenses  .are  not  tolerated  by 
all  and  some  medical  cc  itions  may  temporarily  or  permanently  preclude  their  use.  The 
visual  acuity  achieved  can  vary  and  may  not  match  that  obtained  with  spectacles.  Foreign 
bodies  behind  the  lens  could  be  a  flight  safety  hazard.  New  lens  materials  may  resolve 
many  of  these  problems  peculiar  to  military  aviation  and  result  in  contact  lenses  being 
the  corrective  appliance  of  choice  in  the  future. 

VISION  STANDARDS  FOR  PILOTS  AND  NAVIGATORS  ON  INITIAL  ENTRY  AND  EXAMINATION  TECHNIQUES 
Form  Vision 

The  appreciation  of  shape  and  detail  is  largely  dependent  upon  the  dioptric  mecha¬ 
nism  producing  a  sharply  focussed  image  on  the  retina,  particularly  at  the  fovea,  of  an 
object,  at  any  required  distance  from  near  to  infinity.  This  ability  to  project  a  sharp 
image  is  dependent  not  only  on  the  eye  being  emmetropic  but  also  on  its  accommodative 
ability.  Ametropes  may  either  consciously  or  sub-consciously  develop  techniques  to  mini¬ 
mise  their  disability.  Myopes  whose  far  point  is  nearer  than  infinity  (>  6  metres)  may, 
briefly,  improve  distance  vision  by  'screwing'  their  eyelids  or  by  rapidly  blinking, 
thereby  decreasing  their  effective  pupillary  aperture  and  tlius  increasing  their  depth  of 
field.  These  tricks  are  only  partially  effective,  particularly  under  low  light  condi¬ 
tions,  and  are  fatiguing  to  maintain.  Conversely  hypermetropes,  whose  far  point  is 
beyond  infinity,  require  to  accommodate  to  see  clearly  at  distances  of  6  metres  or 
greater.  This  reduces  the  availability  of  accommodative  power  to  see  near  objects,  parti¬ 
cularly  under  red  lighting.  Maintaining  constant  accommodation  is  also  fatiguing 
especially  when  stressed  and  the  amplitude  available  decreases  with  age.  Compensation 
for  astigmatism  dependent  on  type  and  extent  is  more  difficult. 

The  Snellen  test  type  is  the  standard  test  of  vision,  in  which  letters  of  diminish¬ 
ing  size  a-re  presented  on  a  chart  illuminated  by  800-1000  lux.  The  letters  are  black  on 
a  white  background  and  are  thus  of  high  contra.?t.  At  the  normal  teat  distance  of  6  metres 
the  6/<3  (20/20)  letter  subtends  5  minutes  of  arc  and  the  detail  wit)iin  the  letter,  such 
as  the  gap  in  a  C,  subtends  one  minute  ot  arc,  ThJs  visual  angle  produces  an  image  size 
on  the  retina  of  2-1  iim, which  is  approximate ).y  the  diameter  of  a  macular  cone. 

The  tasting  of  distance  and  visual  acuity  is  important  and  should  not  be  delegated 
to  untrained  personnel.  The  candidate  should  be  seated  C  metres  from  the  chart  in  a  room, 
which  is  also  ill, imitated  to  similar  level  as  the  Snellen  chart,  with  all  glare  sources 
shrouded.  The  eye  not  being  tested  should  be  covered  and  the  tested  eye  observed  to 
ensure  that  the  candidate  does  not  'screw'  or  rapidly  blink.  Should  he  do  so,  it  can  be 
prevented  by  applying  upward  pressure  on  the  eyebrow,  over  the  supra-orbital  ridge, 
ensuring  that  pressure  is  not  applied  to  the  globe.  The  smallest  line  at  which  no  errors 
are  made  is  recorded  and  that  eye  is  then  covered  by  the  examiner,  before  a  new  chart  is 
presented  to  the  other  eye,  to  preclude  learning. 

The  testing  of  tlie  amplitude,  of  accommodation  or  near  vision  should  be  carried  out 
in  each  eye  separately,  with  aud  without  the  normal  distance  correction,  if  recessary,  and 
then  binocularly .  'Jsetul  instruments  are  the  RAF  oi  equivalent  Near-Point  Rules;  these 
rest  against  the  patient's  face  below  the  infra  orbital  margins  and  pe.rmit  a  rotating 
carrier  of  reduced  Snellen  types  to  be  brought  tov/ards  t'le  eyes.  Having  determined  the 
nearsFt  distance  at  which  the  appropriate  type  i.s  correctly  read  it  is  possible  to  read 
the  accomcdatlve  ability  in  dioptres  and  to  compart;  this  with  the  age  related  mean  Duane 
limits.  The  visual  acuity  standards  required  for  initial  selection  for  training  as  a 
pilot  or  navigator  should  be  such  that,  trained  aircrew  do  not  require  to  wear  corrective 
lenses  i.n  erdei:  to  achieve  normal  vision  until  the  normal  reduction  of  the  amplitude  of 
acooitimodation,  which  usually  bficomes  evident  in  the  fourth  decade,  micessltatca  the  use 
of  corrective  lenses  for  reading.  This  situation  can  be  achieved  by  raising  the  visual 
standards  reqilrecl  for  entry  into  pllot/navigator  tra.ining. 

Visual  Acu.ity  ScanJards 

Tl/e  unaided  visual  acuity  at  6  metres  should  not  Iju  leas  than  6/6  (20/20)  in  each  eye 
separately , 

The  accoiiuno'iat Icn  In  cacti  eye  snculd  be  at  least  the  mean  for  age,  as  defined  by 
Duane,  This,  in  con jr..ncM.ion  with  limits  on  hypermetropla ,  vitl!  eniui'e  that  aircrew  are 
unlikely  to  require  a  prestiyopic  correction  prior  to  ib  years  of  ajc . 

Feriiiiasible  itef  cact '  vu  errors 

Till,  refiaclrvc  range  for  each  eye  nhould  be  wittiLn  the  Innits  0  to  +1.7'3m'l  in  any 
meridian,  the  astigmatic  elenient  not  exceeding  0.6ii>"1.  A  signi,' leant  icimi.ly  history  cf 
myopia  warviint  u  upecial  attention.  A  refraction  u.’idcr  eye liiplegl  a  is  at  the  dincretiori 
o.f  the  exaisiiH.!.'  (jUt  if  pe.i'formod  should  be  followed  by  a  post  rnydrlatir,'  teit  of  v.i.c-ual 
acuity. 
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Ocular  Muscle  Balance 

The  presence  of  a  manifest  strabismus  or  heterotropla  normally  precludes  aircrew 
training.  Orthophoria  is,  however,  rate  and  minor  degrees  of  latent  strabismus  or 
heterophor ias  are  acceptable  in  flight  provided  that  the  fuaional  ability  of  the  eyes  and 
the  primary  distance  cue  of  stereopsis  are  not  impaired.  Heterophorias  of  large  extent 
may  be  well  controlled  at  rest,  under  stress  or  fatigue  control  may  be  lost  resulting  in 
symptoms  that  may  include  diplopia. 

The  pre.sence  of  heterotropias  or  heterophorias  is  best  detected  by  means  of  the 
simple  cover  test.  This  test  should  be  applied  at  both  0.6m  and  infinity  by  requiring 
the  candidate  to  fixate,  sequentially  both  near  and  far  lights.  Each  eye  is  then  ervered 
In  turn.  Should  the  uncovered  eye  move  to  take  up  fixation  it  denotes  a  manifest  si ra- 
bismus  and  the  degree  and  direction  of  movement  denotes  its  magnitude  and  type.  This  can 
also  bo  detected  by  observing  the  position  of  the  reflections  of  the  fixation  light  on  the 
corneae,  normally  these  are  central.  Should  a  manifest  strabismus  not  be  present,  the 
movement  of  the  covered  eye  should  be  observed  both  when  first  covered  and  then  when  the 
cover  is  re.moved.  If  the  eye  moves  in  one  direction  when  covered  and  in  the  opposite 
direction  when  removing  the  cover  it  denotes  the  presence  of  a  latent  strabismus  or  hete- 
rophorla,  the  type  and  magnitude  again  being  dependent  on  the  direction,  excursion  and 
speed  of  movement. 

Heterophorias  can  be  measured  using  the  standard  Maddox  Wing  or  Rod  Te.stE  for  near 
and  the  Maddox  Rod  for  tar.  The  convergence  ability  of  the  eye  is  best  determined  u.sirig 
one  of  the  near  point  rules.  Should  a  candidate  be  outside  the  limits  for  acceptance  he 
should,  at  the  discretion  of  the  examiner,  be  subject  to  an  orthoptic  review. 

The  ocular  muse; a  balance  should  be  within  the  following  limits: 


Distance;  Eso  6cm/ra  to  Exo  6cm/m;  hyperphoria  not  to  exceed  I.Ocm/m. 

Near;  Eso  8cm/m  to  Exo  8cm/m;  hyperphoria  not  to  exceed  I.Ocm/m. 

Convergence:  To  be  10  cm  or  less. 

Media  and  Fundi 

There  should  be  no  e'^lrtence  ot  pathology  >/hlch  could  impair  vi.sual  performance  either 
at  the  time  of  the  examination  or  in  the  near  Cuture.  Any  abnormal  finding  must  be 
assessed  by  an  ophthalmologist  experienced  In  the  visual  requirements  of  :Ailitafy 
aviation. 

Visual  Fields 

The  field  of  each  eye  should  be  full.  The  fields  to  be  measured  preferentially  on  a 
perimeter  or  by  confrontation. 

SPECIALISED  EXAMINATION  TECHNIQUES 

Contrast  Sensitivity  with  Gratings 

The  standard  Snellen  'lest  type  presents  a  high  contrast  target  ot  black  letters  on  u 
white  background  and  is  a  measure  of  the  resolving  ability  of  the  aye.  Vision  in  flight 
involves  more  than  the  detection  of  high  contrast  detail,  it  is  necessary  to  distinguish 
low  contrast  objects  with  indefinite  outlines  against  mixed  backgrounds.  Military  air 
operations  are  not  confined  to  briaht  high  contrast  sunny  days,  but  frequently  take  place 
under  dull  misty  conditions  and  involve  close  air  support  of  ground  operations.  In  such 
operations  there  is  ciiten  a  requirement  to  detect  targets  in  which  camouflage  has  been 
used  to  conceal  sharp  contours.  An  aviator  who  is  able  to  perform  well  under  such  con¬ 
ditions  is  at  a  definite  advantage,  Ginsberg  (Ref  3) . 

The  technique  of  measuring  contrast  sensitivity  using  sine  wave  gratings  has  steadily 
gained  favour  and  ii;  ;'ow  in  clinical  use  to  detect  peripheral  retinal  disease,  Arden  (Ref 
4).  It  is  a  measure  of  the  modulation  transfer  function  of  the  eye,  that  is  the  ability 
of  tlie  eye  to  percc  ive  contrast  at  different  spatL.l  frequencies  -  usually  in  the  range 
0,2  to  25.0  cycles  per  degree,  the  higher  spatial  frequencies  being  similar  to  the  range 
investigated  by  the  Snellen  chart.  In  applying  the  test  the  sine  wave  gratings  are  pro¬ 
duced  on  a  television  monitor  screon  by  a  grating  generator  (Fig  1).  In  abort,  each 
Bpatlal  frequency  to  be  monitored  is  presented  at  roro  contrast  and  the  contrast  is 
gradually  increased  until  the  candidate  is  just  able  to  detect  the  grating  pattern  which 
he  has  previously  been  shown  at  high  contrast,  The  test  is  repeated  at  different  spatial 
frequencies  and  a  graph  juotted  of  spatial  frequency  against  required  nontrast  for  detec¬ 
tion.  A  normal  plot  of  spatial  frequency  against  required  contrast  is  shown  in  (Fig  2) . 

A  simpler  form  of  tlie  test  is  to  use  the  Arden  plates  in  which  the  gratings  are  printed 
in  book  form  and  vary  In  contrast  from  the  top  tc  the  bottom  of  each  page. 
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Figure  1.  Sine  wave  grating  display  with 
frequencies  and  contrast  swept. 


Figure  i,  A  normal  plot  of  ocular 

modulation  transfer  function. 
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Storeopsis 

Depth  perception  is  judged  by  both  monocular  and  binocular  cues.  The  binocular  cue 
of  convergence  la  of  little  value  by  virtue  cf  the  short  base  of  the  ocular  rongefinder 
but  thu  binocular  cue  of  stereopBls  Is  considered  to  be  the  single  most  valuable  depth  cue 
available  to  aviators.  It  is  the  third  stage  of  binocular  visual  perception,  the  two 
previous  stages  being  simultaneous  perception  and  fusion.  The  essence  of  stereopsls  is 
that  by  virtue  of  the  separation  of  the  two  eyes  dissimilar  images,  at  points  which  are 
non  corresponding  on  the  horopter,  are  present  at  the  two  foveae  and  these  images  can  be 
fused  to  produce  a  three  dimansional  effect.  The  different  appearance  of  the  target  as 
perceived  by  the  right  and  left  eyes  is  a  measure  of  the  instantaneous  parallax.  The 
critical  values  for  parallax  detection  have  been  variously  estimated  at  between  2  to  24 
seconds  of  arc,  which  is  very  accurate  i  orresponding  to  a  difference  of  less  than  the  dle- 
meter  of  a  single  retinal  foveal  cone  (l.5-2lira).  This  allows  for  depth  perception  out  to 
distances  of  about  :”)0u  mecres.  The  limiting  factor  is,  again,  the  small  Inter  ocular 
separation . 

It  i.s ,  therefore,  of  great  value  to  assess  the  stereoscopic  ability  of  aviators. 

This  is  routinely  evaluated  In  many,  but  not  all,  countries.  There  are  a  variety  of 
suitable  tests  available  such  as  the  Verhoeff  or  Howard  Dolman.  Stereopsls  is  not 
currently,  measured  in  the  RAF,  but  if  adopted,  scores  of  8  out  of  8  or  30  mm  or  better 
respectively,  would  probably  be  acceptable. 
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Olaie  Resistance  and  DarK  Adaptation 

Fighter  pilots  are  confronted  by  a  variety  of  glare  sources,  the  commorient  being  the 
sun.  It  has  always  been  staridard  practice  in  aerial  combat,  to  position  your  aircraft 
relative  to  your  enemy  so  that  he  is  compelled  to  look  close  to  the  sun  and  thus  suffer  a 
loss  of  visual  acuity.  Other  glare  sources  include  electrical  storms,  explosions,  strobe 
lights,  ground  lights,  searen  lights  and  that  moat  potent  glare  source  -  a  nuclear  fire¬ 
ball.  All  these  glare  aources  can  profoundly  reduce  visual  acuity,  contrast  recognition 
and  hue  dlscrimlnaticr,  the  decrement  varying  between  individuals,  in  part,  being  related 
to  minor  ocular  pathology  or  ametropls.  A»  th<-  eye  agep^  scatter  sources  in  the  media, 
particularly  the  lens,  mult.’.ply,  Increasing  the  degradation  of  the  retinal  image  from 
intra-ocular  glare. 

It  Is  desjiable  to  protect  aviators  from  solar  glare  by  tinted  visors  and  by  dynamic 
theriii.il  flash  protective  devices,  such  .as  lead  lanthanum  zirconate  titanate  (I’l.ZTJ  ,  when 
exposed  to  nuclear  .fireballs.  Tests  for  monitoring  aviators  glare  reslatance  are  not  yet 
standardised  but,  it  used,  would  involve  the  reodlng  of  a  test  target  with  an  overlying 
glare  source  of  variable  iritenslty,  Wolbarsht  (Ref  S) , 
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In  modern  fighter  aircraft  where  instrument  and  CRT  displays  both  white  and  multi¬ 
coloured  must  be  Interpreted  correctly,  the  panel  luminance  must  be  sufficiently  bright 
for  cones  to  function  accurately  (0. 3-3.0  cd/m' ) .  At  this  level  external  vision  should 
not  be  degraded  to  an  extent  Incompatible  with  recognising  terrain  features  or  other  air¬ 
craft.  It  seems  unecessary,  therefore,  to  monitor  absolute  rod  thresholds,  using  adapto- 
meters  such  as  the  Goldaiann  Weekers  or  Friedmann.  Under  some  circumstances  it  may  be  of 
value  to  determine  the  recovery  time  from  being  flash  blinded  to  upper  photopic  levels, 
to  recovery  to  the  cone/rod  step  junction  of  the  dark  adaptation  curve. 


Hue  Discrimination 


It  is  common  practice  in  many  aervice.s  to  monitor  colour  vision  by  means  of  pseudo- 
isochromatic  plates  such  as  the  Ishihara,  lit  with  the  correct  illuralp.ant.  Should  the 
candidate  fail  to  correctly  interpret  the  plates  he  is  given  a  'trade  test'  which  requires 
that  he  correctly  name  the  signal  colours  of  red  and  green  and  is  also  able  to  correctly 
name  white  after  having  been  shown  'white'.  The  test  is  performed  using  one  of  many  lan¬ 
terns  such  as  the  Farnsworth,  Holmes-Wright,  Martin  or  Giles-Archer .  The  colours  are 
presented,  in  a  darkened  room,  at  different  visual  subtenses  from  a  point  source  upwards. 
Although  the  colours  are  presented  randomly  and  confuslonal  colours  are  sometimes  added, 
errors  occur.  There  have  been  occasions  when,  perhaps  by  incorrect  or  hurried  application 
of  the  tests,  personnel  have  been  admitted  to  flying  training  who  later  prove  to  have  an 
unsafe  colour  defect .  The  tests  in  general  usage  only  monitor  red  and  green  defects,  they 
do  not  monitor  blue  defects,  although  it  must  be  stated  that  tritanomalous  individuals 
are  uncommon,  being  only  about  1*  of  colour  defectives. 

Fighter  aircrew  must  not  only  be  able  to  distinguish  red  and  green  colours,  cockpit 
arrays,  terrain  features  and  ground  lights,  they  must  also  be  able  to  interpret  future 
generation  cathode  ray  tube  (CRT)  displays.  These  displays  use  both  unsaturated  hues  and 
blue  phosphors.  Fig  (3)  shows  the  position  on  the  C.I.E.  Chromaticlty  chart  of  some  of 
the  colours  which  may  be  used.  The  co-ordinates  of  these  colours  clearly  demonstrate  the 
necessity  of  monitoring  blue  discrimination  when  cyan,  lilac,  blue  and  magenta  hues  must 
be  correctly  differentiated.  Altliough  yellow,  amber  and  brown  colours  are  not  monitored 
by  current  colour  vision  tests,  these  colours  are  derived,  on  a  CRT,  from  a  combination 
of  the  red  and  green  phosphors.  They  should  therefore  be  accurately  Interpreted  by  indi¬ 
viduals  with  normal  red/green  diocrlmi-natlon. 
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Figure  3.  Chromaticlty  chart  Illustrating  co-ordinates  Of  some  hues  used  in 
aviation  diuplays. 
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A  test  which  serves  to  segregate  personnel  into  high  and  low  categories  of  hue  dis¬ 
crimination  is  the  ' Parnsworth-Munsell  100  Hne  Test'.  This  test  requires  candidates  to 
sort  coloured  caps  into  their  natural  sequence  to  form  a  colour  circle  and  enables  the 
candidates  to  be  scored  by  monitoring  the  number  and  magnitude  of  their  errors.  The  test 
was  not  designed  to  separate  personnel  into  those  who  can  interpret  CRT  displays  correctly 
and  those  who  cannot.  It  may,  however,  serve  that  purpose  but  trials  would  be  necessary. 
It  may  be  more  profitable  to  design  a  CRT  derived  colour  vision  test  specifically  to 
monitor  the  hues  in  aviation  usage. 
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BESUHE 

Par  une  mAthode  psychophysique  particullAre  (fiable,  rapide),  la  foncticn  de  sensibiHtA  au  contraste 
(ESC)  en  couleurs  est  testAe  iystAmatiquerent  chei  des  Sujets  venant  de  consultation  ophtaltiologique.  AprAs 
une  Avaluation  de  cette  F$C  chez  une  population  emmAtropc.  divc.'ses  ametropies  sont  AtudiAes.  La 

constitution  du  visuogramme  quantifie  pour  chaeue  dAficIt  les  modifications  de  1i  ESC,  II  existe  une 

alteration  pour  les  frAquetices  spatiales  AlevAes  (dAtatls  tins)  dans  la  couleur  blKi  chez  1es  myopes  et 

dans  la  couleur  touge  chez  les  hype rmAt ropes.  Cette  pitAration  est  propcrtionnel In  au  degrA  d' amAtrople.  A 

I'avenir,  la  mesure  de  la  ESC  et  la  quantification  per  visuogranne  peut  atre  la  base  d'un  test  de  sAlection 
du  personnel  navigant  (test  global  de  la  fonction  vlscielie). 

1.  INTRODUCTION  -  POSITION  DU  PROBLEHE  ' 


En  aAronautique,  la  detection  de  cibles  met  en  jeu  dos  contrastes  tres  variables  et  faibles  entre  les 
diffArentes  parties  d'uno  scAr.e  visuelle.  Peu  de  tests  de  sAIectinn  ophtalniologique  interrogent  ces 
contrastes  faibles.  (Juand  cn  mesure  I'acuite  visjell-z  (lettre  noire  sur  fond  bland,  le  contraste  est 
maximum  et  non  variable.  Seule  la  fonction  de  ser.s'.billtA  au  contraste  permet  facileiient  cette  mesure. 
L'intAret  essentiel  de  la  fonction  d?  seiisibilite  au  contraste  (ESC)  de  luminance  est  I'fxploration  de 
dAtails  visuels  dent  les  contrastes  sont  trAs  faibles.  La  ESC  est  un  examen  couramnent  pratiquA  dans  les 
laboratoires  de  recherche  sur  la  vision.  Elle  utilise  le  principe  que  toute  scene  visuelle  peut  Atre 
dAcO'iiposAe  en  ses  diverses  frAquenccs  spatiales.  En  utilisant  des  frequences  spatiiles  liont  le  profil  de 
luminance  est  sinusoidal,  on  peut  chez  I'hoovne  par  des  mAthodes  psychophysiques  caractAriser  la  ESC  en 
monochrome.  GIN96URG  (5)  a  AtA  un  des  pionniers  de  1 'uti lisation  de  la  ESC  en  aAronautique.  De  plus,  selon 
cet  auteur,  11  existe  une  bonne  corrAlatior  entre  la  dAtection  de  cibles  et  les  caraetAristiques  de  la  ESC 
monochrome. 

En  1982,  SEKULEP.  et  Coll.  (12)  montrent  I'IntArAt  d'une  telle  mAthode  dans  les  tests  aAronautiques,  et 
ils  notent  les  diffArentes  voies  de  recherches.  1 1  s  oreposent  cet  examen  dans  la  faatterie  de  tests 
ophtalmologiques.  Paral lelement,  des  aUteurs  comme  MYVARINCN  (7),  COMERECRD  (3),  ARDEN  (1),  EIORENTINI  et 
HAFFEI  (4)  ont  utilisA  la  mesure  de  la  ESC  dans  le  dApistage  de  pathologies  de  la  vole  visuelle.  COMEREORD 
peut  ainsi  tonclure  sur  le  type  de  dAfidt  vlruel  en  fonction  de  I'atteinte  dans  les  frequences  spatiales 
(anomalies  de  rAfraction,  ntvrite  rAtrobulbai re. . . ) .  Cependant,  exceptA  un  petit  nombre  d’Atudes  dont 
celles  de  KELLY  (8),  L'OUROY  et  Cull,  (2),  MENU  et  SANTOCCl  (10),  la  couleur  n'est  pas  un  pararaAtre 
courammenl  prii  en  compte  dans  I'Atudj  de  la  sensibllitA  au  contraste. 

Or,  I'uti lisation  de  ta  couleur  en  aAronautique  est  un  fait  incontestable  comme  en  tAmoignent  les 
cockpits  des  aAronefs  les  plus  modernes  tant  civils  que  de  combat.  Les  concepteurs  de  ces  systAmes 
dAfinissent  les  couleurs  en  assumant  que  le  pilotc  prAsente  une  vision  des  couleurs  normales.  Or, 
IndApendamment  des  dyschromatopsies,  de  nonibreuses  anomalies  visuelles  peuvent  avoir  un  retentlssement  sur 
la  vision  dt  syntoles  colorAs. 

II  faut  noter  que  tous  los  examens  de  dApistage  d' ancmal les  de  la  vision  des  couleurs  mettent  en  oeuvre 
des  tests  oii  la  couleur  n'est  pfs  supporlAe  par  une  forme  reprAsentati ve  de  celles  qui  peuvent  Atre 
rencontrAes  en  aAronautique,  De  plus,  les  stimulations  coIc.-Aes  sur  de  tels  systAmes  sont  des  sources 
primaires  Amisjives,  La  plupart  des  tests  de  dApistage  des  anomalies  de  la  vision  des  couleurs  sont  la 
plupart  basAs  sur  des  sources  secondaires  pigntentaires.  Des  tests  dont  le  support  est  un  tube  cachodique 
couleurs,  sont  alors  des  noyens  plus  proches  des  situations  couramnent  rencontrAes  sur  les  tableaux  de  bord 
Alectroniques , 

Tous  ces  faits  ont  motivA  des  travaux  concernarit  la  ESC  en  couleurs.  L'Atape  rapportAe  Id  concerne 
1 'Atahl issement  de  courbes  de  ESC  chez  le.s  sujets  normaux  et  1’effet  des  petites  amAtropies  sur  cdles-cl. 

Cependant  ovant  d'exposer  ces  prindpaux  rAsultats,  il  nous  faut  avant  tout  prAsenter  les 
caraetAristiques  essentielles  d'un  test  de  sAiectio.n  visuel  et  la  mAthodologle  utilisAe  pour  obtenir  la  ESC 
couleurs  lies  dlffArents  patients. 

2-  CAMCTUllSriQUES  D'UN  TEST  PE  SELECTION  ¥1SUEL 

Un  tost  de  sAlection  a  coniiie  finalitA  premiAre  de  verifier  si  le  candidal  4  un  travail  particulier  a 
bien  Yes  aptitudes  pour  effectuer  la  tache.  A  un  deu.rlAme  degrA,  si  les  candidats  sont  trop  nombreux,  11 
doit  autoriier  le  clioix  de  ceux  possAdant  les  mcilleures  caraetAristiques.  Le  test  de  sAlection  doit  done 
rApoidre  4  un  certain  nombre  de  critAres  : 

Tester  une  fonction  perfinente  pour  la  tiche  considArAe.  La  function  de  sensibilltA  au  contraste 
permet  d'Avaluer  le.s  performances  du  sujet  en  matiAre  de  dAtection  de  contrastes  de  valeurs 
diffArentes,  Lr.  des  paramAtres  de  dAtection  d'un  avion  dans  le  del  est  fondamentalenient  le 
contraste  de  cette  cible  sur  le  del.  C'e.st  une  tir.he  de  type  classe  2  dans  la  classification 
Atablie  par  SEKULER  (i2), 
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Le  test  de  selection  doit  etre  fidele,  c'est-S-dire  donner  les  metnes  resultats  pour  des  sujets 
ayant  les  mimes  caractiristl ques  physlologiques  ou  pour  un  meine  sujet.  La  corrilation  est  alors 
a  faire  avec  des  batteries  d'autres  examens  caractirlsant  la  fonction  visuelle, 

II  do1t  etre  sensible  et  autoriser  des  discriminations  tres  fines, 

11  ne  doit  pas  prendre  trop  de  temps, 

Par  ailleurs,  en  dehors  de  ces  carocteristiques  essentiel les,  propres  4  un  test  quelconque  de 
depistage,  un  test  de  selection  visuel  pour  pouvoir  atteinare  une  certaine  diffusion  et  par  14 
meme  une  utilisation  courante,  doit  itre  de  manipulation  ais4e  par  I'expirimentateur  et  donner 
des  risultats  facilement  utilisables  et  exploitables  pour  le  midecin. 


3.  HETHODOtOGlE 

3.1.  PRINCIPE  GENERAL 


La  mesure  de  la  FSC  rapportee  dans  ce  travail  met  en  jeu  des  mithodes  psychophysiques.  Ces 
mithodes  sont  le  moyen  le  plus  raplde  de  mesure  de  la  FSC.  Les  mesures  objectives  sent  en  effet  diffficiles 
4  manipuler,  utilisant  1 ‘ilSctrophysioloqie,  et  outre  le  temps  d'examen,  leur  reproductibi 1 1t6  n'est  pas 
assurie. 

Quoiqu'il  en  soit,  quelle  que  solt  la  mithode  utilisie.  le  terme  fonction  de  sensibilite  au 
contraste  doit  Atre  exp’iciti.  En  effet,  sous  le  meme  terme,  selon  les  auteurs  et  les  laboratoires,  des 
elem  its  variis  de  la  stimulation  visuelle  sont  itudibs.  Les  fonctions  de  sensibilite  au  contraste  sont 
mult. pies,  selon  les  dlements  de  la  stimulation  que  Ton  fait  varier  (couleur,  frSquence  spatiale, 
frequence  temporelle,  excentricite  dans  le  champ  visuel,  stimulation  stable  ou  en  mouvement).  Air.si  bien 
que  souvent  la  stimulation  414rnentaire  soit  une  alternanco  de  bandes  Claires  et  sombres  (les  reseaux),  ces 
rdseaux  peuvent  etre  presentfis  de  maniere  stable  ou  on  mouvement.  en  couleur  ou  en  moruchrome,  en  vision 
centrale  ou  en  vision  pgripherique.  Ici  sera  seule  AtudiAe  la  fonction  de  sensibility  au  contraste,  en 
vison  centrale,  pour  des  reseaux  colores  stables, 

3.2.  I.A  STIMULATION 


Oes  tAseaux  sinusoidaux  statlonnaires  rougeslx  =  0.674,  y  =  0.296),  vertsfx  =  0.375,  y  =  0.544), 
bleus  (.X  =  0.144,  y  =  0,069)  sent  prAssntAs  verticalement  ou  hori zontalement  sur  des  tuber,  cathodiques 
couleurs  haute  rAsolution  dont  la  frAquence  de  rafraichissement  est  de  50  Hz.  Oouze  frequences  spatiales,  6 
verticales  et  6  horizontales  de  0,01  cycle/degrA  4  13,5  cycles/degrA, ont  AtA  testAs. 

La  luminance  tnoyenne  est  de  40  cd/m2.  La  valeur  do  contraite  est  obtenue  4  partir  de  la  formule 

'  C  -  -  Lmax 

^  train  ♦  Lmax 


En  effet,  pour  obtenir  ce  cor traste,  on  module  la  luminance  de  la  stimulation  entre  une 
luminance  maximum  et  une  luminance  minimum  de  part  ct  d’aotre  de  la  luminance  moyenne. 


3.3.  MEI'HOOES  PSYCHOPHrSIQUES 

Deux  methodes  psychophysiques  ont  AtA  evaluAes  success! vement  afin  d’Atablir  un  choix  rApondant 
au  mieux  aux  critAres  des  tests  dAfinis  prAcAdemment. 


3.3.1.  HAthode  d'ajustement  automatigue 

DArivAe  de  la  mAthode  d'ajustenent  raontant  classique  dAcrite,  elle  avait  AtA  raise  an  point  pour 
une  Atude  fondamentale  de  la  FSC  (MENU  et  SANTUCCI  (101).  L ' .Kcroissement  du  contraste  a  partir  de  la 
valeur  0  est  automatique,  pilotA  par  le  calci'lateur.  Le  pas  d'incrAment  est  de  0,0025. 

Le  sujet  rApond  avec  un  levier  dAs  qu'11  pergjil  le  rAseau.  II  donne  rorientation,  verticale  ou 
horizontale  en  poussant  le  levier  dans  le  sens  du  rAseau  pergu. 

3.3.2.  HAthode  dichotoafgue 

C'est  une  mAthode  4  choix  forcA.  Elle  est  dAri  vAe  des  methodes  de  double  escalier 
psychophysique.  Parfaitement  adaptAe  4  un  examen  pilotA  par  ordinatcur,  elle  perinet  en  10  prAsentations  da 
contraste  diffArent  (figure  1)  de  dAfinir  le  seui  1  pour  une  frAquance  spat1a)e,  A  rorigine,  elle  fut 
retenue  pour  pouvoir  controler  le  temps  de  prAsentation  du  test.  Par  ailleurs,  elle  permet  un  txamen  plus 
rapide  que  la  mAthode  d'ajustement. 

3.4,  ANALYSE  DES  00NNEE5 


3.4.1.  Courbes  de  sensIbilitA 

A  partir  des  valeurs  seui  1  de  contraste  obienues  pour  chaque  frAquence  spatiale,  la 
reprAsentati On  des  donnAes  la  plus  courante  est  li  courbe  de  sensibllitA  au  contraste  exprimAe  en 
coordonnAes  log-log  en  fonction  des  frAquences  spatiales.  Cela  consisre  4  positlotiner  les  valeurs  brutes  de 
seull s. 


3.4.2.  Les  vitupgranimes 

Une  deuxIAme  analyse  apporte  des  rAsuHats  exploitables  plus  facilement  pour  1 'ophtalmologis  e. 
Elle  permet  de  plus  en  plus  une  quantification  des  donnAes  par  rapport  4  une  rAfArence.  La  diffArence  entre 
les  seui  Is  des  diverses  frAquences  spatiales.  L'attAnuation  ou  le  gain  par  rapport  4  cette  population 
normale  est  ralculAe  pouf  chaque  frAquence  spatiale  selon  la  formule  ; 

G  =  10  log  jr-  Cs  contraste  du  sujet 

Cr  contraste  de  la  population  do  rAfA’-ence 
En  accord  avec  LUNDH  et  ARLINGER  (9),  c'est  le  , isvograniite  (figures  4  et  5). 


Cette  pratique  offre  Tavantage  d'une  quantification  irmiSdlate  du  dificit  exprimfi  soit  en 
dScibels,  iioit  en  pourcentage  d'atWnuation  par  rapport  i  la  normalite.  C’est  actusllement  cette  analyse 
qui  nous  semble  la  plus  intiressante  dans  1e  cas  d'un  test  de  selection  dipistage. 

3.4.3.  Expression  des  rfapltats 

Dans  ('expression  des  rgsultats,  nous  mentionnerons  respectivement  les  deux  techniques.  La 
preniire  donne  des  valeurs  absolues  de  seuil  ;  la  seconde  des  valeurs  relatives. 

3.5.  LA  POPULATION  ETUDIEE 

Tous  les  sujets  examines  ont  subi  un  examen  ophtalmologiqiie  cUnlque  et  les  Spreuves 
fonctionnel les  pour  la  vision  des  couleurs.  vision  blnoculaire,  vision  nocturne,  etc... 

En  effet,  ce  sont  des  pllotes  ou  des  candidats  pllotes.  Chaque  fois,  une  sidascopie  sous 
cycloplegique  a  it^  pratiquSe  pour  diSterniner  la  refraction  des  sujets.  Ainsi,  en  fonction  de  ces  donnCes, 
trots  populations  sont  distinguAes  : 

Les  sujets  dont  la  fonction  visuelle  est  nomale  dans  tous  ses  ilAnients.  11s  sont  emaiAtropes, 

Les  sujets  dont  la  fonction  visuelle  est  normale  except^  une  amfctrople  banale, 

Les  sujets  prgsentant  des  pathologies  dlverses. 


4.  HESULTATS 

4.1.  COHPARAISON  DES  DEUX  HE7H0DES  D'EXAHEN 

Cette  itude  a  donnA  lieu  i  une  publication  souraise  a  approbation  dans  Investigative  Ophtalmology 
and  Visual  Science.  Elle  a  tnontre  que  la  mgthode  pas  i  pas  itait  parfaitement  adapt6e  i  la  f1na11t6  exposee 
ici  4  savoir  1a  selection.  Elle  est  fidSle  chez  un  nteme  sujet,  des  examens  rApfitAs  donnant  les  itifmes 
seulls.  Elle  est  plus  vraie  que  la  methode  d'ajustement  car  les  sensibllitfs  au  contra.ste  observies  sont 
plus  elevAes  qu'avec  la  mAthode  d'ajustement. 

tile  est  plus  rapide  cfr  les  sensIbllltAs  au  contraste  pour  un  oeil  et  pour  trols  couleurs  sont 
recueilHes  en  IB  minutes. 

4.2,  COURBES  OE  SENSIBILITE  Au  CONTRASTE 

4.2.1.  Courbe  de  rtfArence  -  population  wrttrope 

A  partir  des  donnAes  recueilHes  sur  16  sujets  emmAtrepes,  on  peut  tracer  une  courbe  de 
setisibilile  dite  "temoin'  .  Elle  est  IndiquAe  sur  les  figures  2  et  3.  Sur  res  figures,  la  valeur  moyenne  du 
contraste  pour  chaque  FS  est  matArialisAe  a^nsl  que  la  dispersion  de  1  Acart-type  autour  de  cette  valeur 
moyenne. 

-  D'emblAe..  11  est  IntSressant  de  remarqoer  que  1 ’optimum  de  sensIbllitA  est  situA  pour  les  3 
couleurs  4  2  cycles/degrA  pour  les  rAseaux  vertlcaux, 

-  La  couleur  verte  est  globalement  mieux  vue  que  le  rouge  et  1e  bleu  qui  sont  trAs  proches  1 'une 
de  1 ' autre. 

La  dispersion  des  dennAes  est  voisine  pour  chaque  frAquence  spatlale  d'une  couleur  4  I'autre. 

Les  rAsultats  de  chaque  sujet,  adressA  par  1 'ophtalmologl ste,  peuvent  Atre  positionnAs  sur  la 
courbe,  par  rapport  aux  valeurs  de  'a  population  tAmoln,  Cela  permet  d'avolr  une  premlAre  Avaluatlon  de  la 
fonction  visuelle  et  de  dAficIts  particuliers  s'ils  existent. 

3.4.2.  Couri»es  de  sensibilitA  des  sujets  awetropes 

AprAs  1 'examen  de  plus  de  100  aisAtroples  dlverses,  les  rAsultats  les  plus  importants  et  les  plus 
nets  sont  les  sulvants  : 

I!  existe  une  diminution  de  la  FSC  au  bleu  dans  les  hautes  frAquences  spatlales  pour  des  sujets 
myopes.  La  coupure  haute  est  dAcalAe  vers  la  gauche. 

La  FSC  au  rouge  est  diralnuee  dans  les  hautes  frAquences  spatlales  pour  des  sujets  hyperiiiAt ropes, 

-  Des  astigmatl smes  prAsentent  une  asyraAtrie  vertical-horizontal  beaucoup  plus  marquAe  que  la 
population  "normale". 

AssocIA  4  cette  a1t<rat1on  dans  les  hautes  frAquences,  I'optlmum  de  sensibilitA  est  abalssA  et 
dAcalA  dans  les  frAquences  spatlales  plus  basses  {passage  de  2  4  1  cyc1e/degrA) ,  En  sontne, 
I'altAratlon  ne  touche  pas  uniquemenl  les  hautes  frAquences  ma1s  aussi  les  frAquences  noyennes 
dont  'll  discrimination  du  contraste  est  dlniinuAe. 

4,3.  COURBES  D 'ATTENUATION  -  VISUOGRAMMES 

4.3.1,  Visuo'jrawiws  dca  awAtropei 

A  partir  des  rAsultats  bruts  sur  les  dIffArents  sujets  emiiiAtropes,  i1  a  AtA  possible  d'Atabllr 
des  limites  d'attAnuatlon  en  fonction  des  frAquences  spatlales  pour  chaque  orientation  et  chaque  couleur, 
Ce  sont  ces  iimHes  qui  sont  indiquAes  sur  les  coprbes  d'attAnuetlon  des  figures  4  et  5. 


fiMrrr-  - 


,16-4 


la  ligne  la  plus  proche  de  Vaxe  ces  frequences  spatiales,  en  trait  p1e1n,  Indlque  la  llmite  des 
valeurs  d'attdnuatlon  pour  1  ecart-type  et  2  Scarts-cypes.  On  pourra  done  considirer  que  toute  valeur 
inferieure  a  cette  2eme  zone  est  hors  de  la  zone  de  normallte.  Plus  la  valeur  d‘ attenuation  sera  eidgnee 
de  cette  zone,  plus  le  deficit  sera  linportant.  One  quantification  est  possible  a  partir  de  la  valeur  meme 
de  cette  attenuation  exprlmee  en  dedbels. 

4.3.2.  Visuoaraewes  des  aaetropes 

ler.  figures  4  et  5  indlquent  pour  les  myopes  forts  (plus  de  4  dioptries)  et  les  hypermetropes , 
ces  visuograirmes  pour  les  couleurs  bleu  et  rouge. 

-  four  les  myoples  falbles  (inferieures  4  2  dioptries),  le  deficit  interesse  pour  la  couleur 
bleu  exclusivcment  les  frequences  spatiales  eievees.  Les  frequences  moyennes  et  basses  (Inferieures  i  1 
cycle/degre)  ne  sont  pas  modifiees.  Pour  les  couleurs  vert  et  rouge,  cette  attenuation  des  frequences 
eleveas  ne  depasse  pas  la  limite  de  2  ecarts-types. 

-  Pour  les  myopies  fortes  (superieures  a  2  dioptries)  et  la  couleur  bleue,  seule  la  plus  basse 
frequence  spatiale  n'est  pas  alteree.  L'attenuatlon  est  ensulte  d'autant  plus  forte  que  I'on  augmente  les 
frequences  spatiales.  Une  attenuation  de  plus  de  10  db  existe  meme  pour  )es  frequences  les  plus  eievees. 
Les  visuograrnmes  des  couleurs  vert  et  bleu  sont  beaucoup  moins  perturbds. 

-  Le  vlsuogramme  pour  la  couleur  rouge  des  sujets  hypermetropes  est  represente  sur  la  figure  5. 
Pour  cette  couleur  rouge  exclusivement,  on  trouve  une  attenjation  des  frequences  spatiales  eievees.  En- 
dessous  de  1  cycle/degrg,  11  n'existe  pas  de  modification  de  la  FSC.  Pour  les  couleurs  bleu  et  vert,  les 
hypermetropes  ne  presentent  pas  cette  alteration.  Cette  alteration  globale  moins  nette  que  pour  les  myopes 
peut  s'expliquer  en  partie  par  le  fait  que  ces  hypermetropes  testfis  prfisentaient  des  dificits  moins 
Importants  (inffirieurs  a  2  dioptries).  - 

4.4.  RESULTATS  SUR  DES  PATHOLOGIES  OPHTALHOLOGIQUES 


Bien  que  presentes  en  dernier  id,  ces  risultats  ont  6t6  obtenus  en  premier.  Cent  pathologies 
ophtalmologiques  diverses  ont  eu  une  mesure  de  la  FSC  couleurs  par  la  mSthode  d'ajustement  montant 
automatisAe.  De  par  1 ‘existence  de  pathologies,  les  dAficIts  de  la  FSC  sont  beaucoup  moins  systAmatises  sur 
une  couleur  et  pour  les  diverses  frAquences  spatiales.  Cependant,  les  rAsultats  les  plus  pertinents 
concernaient  les  ametropies  assodAes  4  une  pathologic.  Les  myopes  prAsentalent  un  dAficit  pour  le  bleu 
dans  les  liautes  frAquences  spatiales  alors  que  c'Atait  pour  le  rouge  chez  les  hypermAtropes.  C'est  pour 
cette  raison  que  lors  de  la  deuxiAme  Atude,  les  aroAtroples  ont  AtA  systAmatiquement  etudlees  sur  une 
population  globale  la  plus  homogAne  possible. 

5.  DISCUSSIOW 


Deux  niveaux  doivent  etre  distinguAs  :  la  mAthodologie  elle-meme  et  les  principaux  rAsultats. 
5.1  .  SUR  LA  H:THO[K)LOGIE 


Au  cours  des  enregistrcments  successlfs  de  la  FSC  couleurs  avec  les  diffArentes  mAthodes 
psychophysiques,  la  mAthode  dlchotomique  pas  4  pas  est  cel le  qui  apporte  les  rAsultats  les  plus  cohArents, 
les  plus  prAds  et  les  plus  fiables.  Oe  plus,  elle  apporte  des  rAsultats  fadlement  exploltables  pour  un 
temps  d'examen  court  (moins  d'une  deml-heure  pour  les  3  couleurs  prlmaires).  Avec  cette  mAthode,  la 
succession  des  images  au  sein  d'une  sArie  expArlmentale,  avec  1 'Introduction  entre  chaque  Image  test  colorA 
d'une  image  blanche  au  meme  niveau  lunirnijx,  Avtte  1'Apulsement  ou  la  sldeist'^n  du  type  de  photorAcepteur 
interroge.  La  garme  des  frAquences  spatiales  ut'  IsAes  est  Atendue,  enurrant  un  domaine  qui  n'est  pas 
toujours  explorA  au  seir,  d'un  mAme  examen. 

L'uti lisatlon  de  tubes  cathodlques  couleurs  assure  une  standardisation  et  une  calibration  dans 
les  caractArlstIques  physiques  de  la  stimulation  visuelle,  ce  que  les  tests  papiers  comme  les  planches 
d'AROEN  ou  VCI  CHART  ne  peuvent  assurer.  Le  cha-itp  du  tube  couvre  8  degrAs  et  permet  d'interroger 
globalement  toute  la  vision  centrale.  IntAgrA  dans  un  environnenent  contrblA,  11  assure  une  calibration  et 
une  stabilltA  de  la  stimulation  visuelle. 

Tous  ces  AlAments  en  font  un  test  nabte,  facile  a  mettre  en  oeuvre,  pour  des  sujets  naTfs  "tout 
venant"  de  consultation  ophtalmologique.  Son  temps  de  passatlon  relativement  court  n'est  pas  pAnalisant 
pour  T1nte-caler  dans  une  batterie  d'examen  dans  le  cadre  d'une  sAlection  ou  d'un  dApIstage  d'anomalies  de 
la  fonctlon  visuelle. 

On  peut  attrlbuer  cela  au  fait  que  la  prAsentatlon  utlllsAe  ne  comporte  pas  qu'une  seule  couleut 
et  que  1 'examen  lul-mAtne  dure  un  temps  nAgligeable.  Le  sujet  ne  peut  done  pas  compenser  un  petit  dAficit 
latent  pendant  toute  la  durAe  de  1 'examen.  La  mAthodologie  sensIblUse  le  petit  dAfaut  de  rAfractlon. 

La  diminution  de  sensIbllltA  aux  hautes  frAquences  pour  le  bleu  chez  les  myopes  et  le  rouge  pour 
les  hypermAtropes,  est  sans  doute  IIAe  en  majeure  partie  4  1 'aberration  chromatique  de  I'oeil.  Le  bleu 
convergeant  en  avant  du  plan  rAtinlen  senslblllse  'jne  rayople  latente.  L 'hype rraAt rope  quant  4  lui  verra 
moins  bien  le  rouge  puisque  ce  dernier  converge  cr  arrlAre  du  plan  rAtinlen. 

On  peut  avec  la  mAthode  de  mesure  pas  4  pas  de  la  FSC  couleurs,  parler  vAritablement  de  test  de 
sAlection  du  personnel  navigant.  Les  courbes  Indlquent  1'Atat  fonctlonnel  de  tout  le  systAme  visuel, 
D'aprAs  la  remarque  prAcAdente,  la  couleur  est  un  AlAment  essentlel  puisque  la  FSC  en  nolr  et  b1anc  ou  en 
monochrome  vert  n'aurait  pas  pu  Atre  aussi  fine  et  indlquer  de  petIts  dAfIcIts  latents. 

Cependant,  un  grand  nombre  de  sujets  dlffArents  dolt  Atre  passA  afln  d'Atabllr  une  vAritable 
Atude  ApidAraiologlque  des  fonctlons  de  sensIbllltA  au  contraste.  Elle  devlent  alors  essentlel lement  un 
problAme  Intime  entre  chercheurs  et  cllniciens,  mals  aussi  un  problAme  de  temps  d'examen  afln  de  constituer 
les  dlffArents  groupes  de  rAfArence. 

5,2.  SUR  LES  PRINCIPAUX  RESULTATS 


Outre  I'IntArAt  global  de  la  FSC  dAji  montrA  par  allleurs  (6INSBURG,  SEKULER),  I'intArAt  de  la 
couleur  dans  la  mesure  de  la  FSC  est  mis  en  Avidence  par  certains  rAsultats. 
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H6me  Chez  les  emmftropes,  il  existe  une  mallleure  perception  pour  la  couleur  verte.  Si  la  courbe 
"t4mo1n"  n'a  itablie  que  sur  16  sujets,  ceU  tient  S  plusieurs  falts.  Nous  n'avons  retenu  pour 
I'Stablir  que  des  sujets  prSsentant  des  courbes  de  sensibillt#  parfaltes,  sans  aucun  point  "aberrant".  Par 
alUeurs,  certains  sujets  voyalent  parfaitement  I'tcran.  Places  a  1,30  metre  de  celui-cl,  11s  pouvalent  se 
trouver  g6n6s  par  la  tratne  television  et  repondalent  plus  i  cette  trame  qu'aux  reseaux  presentes.  En 
quelque  sorte,  possedant  une  aculte  visuelle  trSs  eievee,  malgre  la  presentation  des  differents  types  de 
reseaux  avant  1 'experimentation,  11s  ripondalent  i  la  trame  du  monlteur  et  non  }  ces  r6seaux.  A  I'avenir, 
un  nouveau  compromis  distance  de  vue  du  lube,  angle  de  vision  de  ce  tube,  gamme  de  frequences  spatlales 
devra  6tre  trouv6  afin  d'eiiminer  cet  effet  pour  les  sujets  emmetropes. 

Dans  certains  cas  d' ani6tropies,  les  courbes  de  FSC  pour  le  rouge  et  le  bleu  ne  sont  pas 
simllaires  a  celles  du  vert. 
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COMPUTER  ANALYSIS  OF  VISUAL  ANU  VESTIBULAR  OCULOMOTOR 
FUNQT-.ON  IN  THE  HFOICAL  SELECTION  OF  FIGHTER 
AIHCRtW  MEMBERS 

Jan.es  W.  Wolfe*  Ph.  D.,  Edward  J,  Engelken,  M.S,,  and 
KennlthW.  St/5vena,  B.S.,  USAF  School  of  Aerospace  Medicine, 
Neurosclencea  Function*  Brooks  AF3,  TX  7B235-500C,  USA 


SUMMARY 

This  paper  reviews  methods  for  evaluating  visual  and  vestibular-oculomotor  function  In  aircrew 
Tismbers.  Three  specific  tests  are  described:  (1)  pursuit  tracking*  (2)  harnouic  angular  acceleration* 
and  (3)’sacoadic  t-ac!!ing.  In  all  of  those  tests*  on-line  computer  analysis  Is  used  to  quantify  and 
describe  the  input/output  relationships.  An  example  of  clinical  data  from  pursuit  tracking  and  harmonic 
angular  acceleration  tests  for  a  patient  •  ith  known  pathology  are  used  to  demonstrate  changes  in  test 
results.  The  major  point  of  this  paper  Is  that  it  is  now  practical  to  evaluate  oculomotor  function  in 
pilots  and  aircrew  members  selected  for  fighter  aircraft  duty. 


It  Is  obvious  that  vision  and  visual-veattbular  oculomotor  control  are  critical  sensory  systems  In 
air-to-air  operations,  and  that  fighter  pilots  differ  in  t'ne*r  abilities  to  acquire  and  track  targets. 
Therefore,  It  would  appear  Important  to  determine  if  oculomotor  performance  may  bo  a  relevant  factor  In 
determining  these  differences.  Furthermore*  if  a  model  can  be  developed  that  characterizes  the 
dl stlngulchlng  features  of  oculomotor  performance  for  the  superior  pilot.  It  may  be  possible  to  train 
all  pilots  to  improve  their  ability  to  process  visual  Input  In  a  dynamic  environment. 

Within  the  past  decade,  a  number  of  quantitative  tests  of  oculomotor-vestibular  function  have  been 
developed  (1,2,31*^).  Two  of  these  procedures,  a  teat  of  pursuit  tracking  and  one  ujlng  harmonic  angular 
acceleration,  have  also  become  commercially  available  and  are  pt  esently  being  conducted  at  over  ^0 
medical  centers  worldr<lde.  As  a  result,  a  large  body  of  normative  and  clinical  data  now  exists  for 
these  particular  tests.  Within  the  United  States  military,  only  Brooks  Air  Force  Base  and  Wilford  Hall 
USAF  Medical  Center  have  developed  or  acquired  the  capability  to  perform  these  tests.  Ficently,  the 
Neurosciences  Functlc/n  at  USAFSAM  has  also  developed  the  methodology  for  totally  characterizing  the 
saccadic  (fast)  eye  movement  system.  These  three  tests  (pursuit  tracking,  harmonic  angular 
acceleration,  and  saccadic  tracking)  can  be  acccmpiioiieU  in  approx  1  mat .,!>•  i  -1.5  hours.  Thu  final 
product  is  a  comprehensive  and  quantitative  description  of  individuals’  vlsuai-vestlbular-oculomotor 
ayatem. 

It  is  the  purpose  of  this  paper  to  .show  that  if  such  information  were  available  for  all  pilots  and 
aircrew  membsrs  selected  for  fighter  aircraft  duty,  longitudinal  studies  could  be  accomplished  and  these 
variables  correlated  with  performance.  In  addition,  a  standard  would  be  available  to  determine  if 
clinical  pathology  is  deveicplng  related  to  these  systems. 

RATIONALE  OF  OCULOMOTOR  EVALUATION 

Since  visual  and  vestibular-oculomotor  function  use  common  neurological  pathways,  both  sy^t^ms 
require  precise  quantitative  processing  of  sensory  input  In  order  for  the  individual  to  acquire  and 
process  visual  information.  It  Is  well  known  that  the  vi.sual  oculomotor  system  is  a  low  frequency 
system  which  functions  In  the  range  from  DC  to  approxl.riately  .5  Hz,  whereas  the  vestibular  oculomotor 
system  Is  a  high  frequency  system  and  can  provide  a  stabilized  retinal  image  from  .1  ■  5  Hz.  Therufere, 
If  a  target  moves  at  a  velocity  exceeding  5>''*/s  the  average  itiuivIJuai  will  bs  unable  tc  propsrly  tr;Ack 
the  target  unless  he  generates  "catch-up"  sacoades.  If,  In  addition,  he  is  also  being  subjected  to 
either  high  level  angular  or  linear  accelerations,  his  static  and  dynamic  visual  acuity  will  be 
compromised  by  the  interactive  effects  of  ve.^tlbular  nystagmus  and  couAter-rolll ng  of  the  eyes.  An 
extreme  case,  is  the  departure  fror.  flight  which  can  occur  in  swept-wlng  high  performance  aircraft.  In 
the  case  of  the  F-15,  "The  aircraft  can  transit  from  Intentional,  controlled  roll  rates  in  excess  of 
180®/fl  alnost  Instantaneously  (b)".  In  thU»  situation,  it  would  be  functlonaliy  impossible  to  process 
any  spatial  visual  information.  Since  pilots  are  Doing  exposed  to  acceleration  environments  which 
exceed  the  dynamic  rartge  of  the  oculo:.iotor  system,  it  would  appear  imperative  to  determine  the 
parameters  of  visual  and  vestibular-oculomotor  function  in  these  Individuals. 

METHODS  OF  EVALUATING  PURSUIT  THACriING 

Most  laboralc  'les  gfenerato  a  visual  target  by  deflecting  a  collimated  beam  of  light  from  a  low-pownr 
lanor  off  a  mirror  galvanometer.  Ir)  our  caoe,  the  target  is  a  spot  of  red  light  nm)  subtend'.ng 

vi.al  angle  o!  15’  at  the  cornCa.  The  spot  is  reflected  onto  a  rear  projection  sert-Cn  and  deflected  i 
lO**  in  the  horizontal  plane  Jn  order  to  obtain  calibration  signals  for  both  the  Indivlaual  eye  and 
summatcvl  eye  position  eleotro-ocuiographlc  {EOC)  signals.  Eye  movements,  In  response  tc  sinusoidal 
target  motion,  are  obtained  for  three  viewing  cond.Hlonsf  (1)  both  eyes  tracking,  (2)  left  eye  tracking 
and  (3)  right  eye  tracking,  Bye  movement  sigr>als  are  then  fed  to  a  PDP-1 1/3*1  digital  computer  for 
cn-llne  data  analyals.  Using  auto-  and  errss-power  spoctral  lectniques,  gain,  phast  and  spectral  pur*ty 
arc  calculated  for  each  uyr  as  well  as  for  the  summateu  record  for  each  of  the  three  stir  ulus 
conoltior  .  This  results  In  a  set  of  nine  measures  for  each  stimulus  cond  ’on.  Since  was 
to  interpret  the  d^^ta  In  numerical  form,  a  three*  axis  pioto'^iai  pi  jt  was  Onv.  ioped  t<^  dl  ^lay  the  d-ita 
in  such  a  manner  that  a  plot  of  perfect  tracking  roaults  in  an  equilater. j  triangle.  Cali  In  the 
3Mplltijd«  of  the  eye  posIMon  slf,nal  oonpsred  to  the  amplitude  of  the  target  dlyplaoemenL,  while  phaoo 
is  the  time  reiatlonn.hip  between  eye  and  target  poaitloni  thebe  two  nieasi.'»^e3  arc  fairly  easy  to 
underatand,  However,  spectral  purity  ’'ppsar}’  to  b«  a  more  confusing  term.  An  example  ot  a  spectrally 
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pure  atlmulua  for  other  aenaory  mo<3ull ties  would  be  monochromatic  light  or  a  pure-tone  atlraulua,  since 
In  the  frequency  domain,  all  of  the  stimulus  power  Is  at  a  single  frequency.  The  mrasure,  spectral 
purity,  is  the  ratio  of  the  output  power  at  the  stimulus  frequency  to  the  total  output  power.  For 
example,  if  a  target  is  moving  sinusoidally  at  .4  Hz  and  the  eyes  traoK  exactly  at  this  frequency,  then 
100^  of  the  response  is  at  the  Input  frequency  and  the  ratio  of  the  output  power  at  the  stimulus 
frequency  to  the  total  output  power  would  equal  one.  It  follows  that  output  power  at  frequencies  other 
than  the  Input  frequency  will  lead  to  a  decrease  In  spectral  purity*  This  distortion  is  typically  due 
to  the  eyes  tracking  in  a  saccadic  rather  than  a  smooth  manner.  Originally  we  performed  a  parametric 
study  with  21  normal  male  subjects  using  single  frequencies  from  .2  -  1.6  Hz.  These  stimuli  had  peak 
velocities  ranging  from  12.5  -  100.5*/s  and  peak  accelerations  from  15,8  -  1,011*/s2.  The  important 
finding  was  that  soffiC  subjects  could  track  the  target  almost  perfectly  at  the  highest  frequency  tested 
(3).  It  became  clear  that  all  normals  could  adequately  track  a  target  moving  at  .*J  Hz  and  this  stimulus 
frequency  was  adopted  as  a  standard  for  clinical  evaluations.  Figure  1  shows  the  data  plots  from  21 
normal  subjecti-. 
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Figuru  1.  Pictorial  plots  of  pursuit  tracking  data,  F  -  Hz.  Shaded  area  equals  10th  and 
90tri  percentiles  for  21  normal  subjects.  (Froo’  Hefcrence  2,  reprinted  by  permission  of  Annals 
Publishing  Co,,  :it,  uouls,  no,  198M) 


During  he  past  6  y^ars,  we  have  evaluated  over  2000  carefully  .ielected  patients  referred  by  board 
certif  ciaryr  •  Tloy  i  si  *>,  neurologists,  a.  '  neuro-ophthalmologists  from  the  USAF.SAH  Aeroir.edical 

Coni"  itatlon  Scrvi  e  and  WilforO  Hall  USAF  Medical  Center,  Th  j  majority  of  these  f.aMents  were  referreci 
r-»r  ‘fva’uatlon  of  peripheral  pathology  related  to  Inner  ear  function.  Fortunately,  wo  were  able  to  test 
many  of  those  pa^  lerits  before  and  after  surgical  procedures  such  as  the  removal  of  acoustic  neuromas  or 
endolymphatic  shurt  pro'^-edures ;  and  a  selected  patients  were  evsi-uated  annuLlly  for  up  to  6  yetrs 
postoperatlveiy .  Flgur  ?  shows  tracking  data  from  a  patient  w/ic  had  a  moderate  size  (2-2  1/2  cm) 
por.ifns  angle  .  Tu  had  ;',oughl  medical  edvice  in  response  to  an  apparent  decrement  in 

hearing  In  his  rlgnt  ear.  Although  he  nad  no  vestibular  symptoms,  caloric  testing  revealed  3  301 
uriila  -eral  weaknes.s  uri  th«  Ignt  side;  however,  rotational  test  results  were  within  normal  limits.  Hlc 
pursuit  tracking  showed  a  £4?r.iricant  dt^rement  ir  spectral  purity  and  phase  relationships  were  in  error 
whei>  tr^ckfid  with  tils  rieht  eve.  At  the  time  of  burgery,  the  tumor  was  found  to  be  attached  to  the 
ferajn  stern  Juot  below  the  V  cranial  ^-rve  and  it  was  compressing  the  pons,  h'hen  tested  1  week 
poet-sur’gery ,  his  pursuit  .'til  showed  a  decrement  In  spi  ctral  purity  when  tracking  with  the 

right  ey»i  and  there  w  ^  an  inrrease  In  tht-  gam  of  his  eye  movemoncs  especially  with  both  eyes  tracking. 
Mowev-rr,  the  phase  relatloiuihlpa  when  traoKlnt.  With  the  righ^  eye  were  now  within  no-mnl  llmlta.  Figure 
2  ehows  he  had  perfect  tracking  trier  all  conditions  when  tested  5  months  post-surgery.  This 

clearly  shows  ti.e  Importanoe  of  rvf.  pu''suit  traoklng  monocularly  in  order  to  reveal  ^Ithor 

vvn^enltal  or  p3*'>’iologlcal  asymmetries  the  ooulosf.tgr  systciu.  ' 
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flgore  3.  Pre  and  Post  surgical  tracking  data  from  a  patient  with  a  3  -  2,5  cm  right  acoustic 
neuroma.  (1)  1  week  post  surgery;  (2)  5  months  poet  surgery.  (From  Keferenoe  2,  reprinted  by 
permission  oP  Annals  Publishing  Co.,  St.  Louis,  MO,  i98i|) 


MF,TH0DS  OP  EVALUATINC.  SEMICIHCU  ,AR  CA^  FUNCTION  WITH  HARMONIC  ANGULAR  ACCELERATION 

Although  rotational  testing  (angular  acceleration)  has  been  used  for  many  years  In  attempts  to 
evaluate  horizontal  semicircular  canal  function,  adequate  techniques  were  not  available  t<;  quantify  the 
relatlonshljTS  between  the  Input  and  output.  With  the  Introduction  of  reliable  DC  torque  motor  driven 
turntables  and  the  application  of  digital  computers  to  frequency  dom.ain  analysis,  It  became  po.s3lble  to 
apply  more  sophisticated  techniques  In  the  evaluation  of  semicircular  canal  function.  Ar  most  people 
are  aware,  the  function  of  the  3emlclrcul.sr  canal.s  is  to  pr'.jvlde  an  input  to  the*  oculomotor  system  such 
that  the  eyes  are  driven  In  a  compensatory  manner  In  response  to  angillar  acceleration  of  the  head. 
Ideally,  eye  velocity  and  head  velocity  are  equal  and  opposite  (180°  out  .jf  phase)  leading  to  a 
stabilized  retinal  Image.  As  previously  mentioned,  the  vestibular  svsten  is  a  high  frequenny  .sy.jtem  (.1 
-  5  Hz)  and  complements  the  visual  pursuit  /slera.  However  In  order  to  eliminate  the  Influence  of 
vision  on  the  oculomotor  syotem,  vestlbul.”  testing  Is  conducted  In  the  dark. 

Since  the  normal  semlclroul-ar  canal  -  vosllbulo-ooulometor  system  Is  a  linear  sy.stem.  It  l.s 
practical  to  evaluate  It  with  linear  system  analysis  techniques.  As  In  the  case  of  pursuit  tracking, 
the  same  variables  of  gain,  phase  and  spectral  purity  are  of  primary  Interest.  In  addition,  since 
sinusoidal  a'celcratlon  Is  symmetrical  around  zero.  It  is  possible  to  measure  the  left-right  asymmetry 
of  the  vestlh  dr.  ocular  reflex  (VnR),  Rotational  testing  as  developed  at  USAFSAH  Involveu  two  options: 
either  single  sinusoids  ranging  In  frequency  from  .0i  -  .16  Hz  or  a  eui.,  of  sinusoids  from  .ni  -  .37  llz 
are  used  as  stimuli.  ],i  our  earlier  studies  (6,7,1))  ve  were  able  to  show  that  even  with  the  loss  of  one 
labyrinth,  the  VOR  was  within  one  standard  deviation  of  the  normal  range  at  .16  Hz.  However,  at  lower 
frequencies  phase  shifts  showed  a  slgnirioant  deviation  from  tlie  normal  values  (see  Figure  3).  The  data 
of  Figure  3  are  frc«i  the  same  patient  discussed  under  "pur.sult  tracking".  Since  this  patient  was 
stationed  at  USAFSAM  for  over  3  years,  it  was  posslbi:  t.  .-•cpcatedly  evaluate  him.  Furthermore,  as 
previously  mentioned,  prior  to  surgery  he  had  no  symptoms  other  th.sn  a  um  ,  aieral  hearing  loss;  was 
reasonaMy  young  (AO  years  old).  In  good  health,  and  very  active  In  sports.  Prior  to  surgery,  his 
tested  1  base  relatlonshlfis  were  at  the  normal  mean  values  above  .Oh  Hz  and  chowed  a  slight  deviation 
from  the  normal  mean  values  at  .'/I  and  .02  Hz  but  were  still  within  norm, si  otutlstlcal  limits.  He  also 
had  an  a 'erage  directional  preponderance  of  lOK  to  the  left  which  is  within  one  standard  deviation  for 
'ormal  subjects.  The  sudden  loss  of  one  labyrinth  due  to  sectioning  of  tho  Vlllth  nerve  during  tumor 
removal,  leans  f.o  dramat'r  changes  In  the  VOR  In  those  Individuals  who  still  have  considerable 
horizontal  canal  function  prloi  to  surgery,  ,*e  .shown  In  Figure  3.  one  week  after  surgery  this  patient's 
phase  relationships  were  still  normal  at  .16  llz.  However,  a.u  the  stimulus  frequency  decreased  below  ,16 
Hz  his  responses  deviated  over  two  staiidard  deviations  from  the  no;  .nal  means.  At  this  perloo  In  time  he 
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Figure  j,  Date  from  the  sam-j  patient  before  and  after  tumor  removal  In  response  to  harmonic 
angular  acceleration.  (From  Reference  6,  reprinted  by  pormisolon  of  Academic  Pres.a,  New  York, 
NY,  198H) 


also  had  a  501  preponderance  to  the  left.  Although  his  responses  to  rotation  became  symmetrical  with 
lime,  the  phase  deficits  were  permanent.  Unfortunately,  1  week  prior  to  his  3-/ear  post  surgical 
evaluation  he  suffered  a  severe  retinal  detachment  in  the  rlgnt  eye.  As  shown  in  Figure  3,  this  was 

reflected  a?  an  Increase  in  deficit  of  his  phase  measures  at  .08  and  .16  Hz  and  a  loss  of  response 

symetry.  These  results  imply  that  compensation  is  an  active  process  requiring  tinoculsr  visual  input. 
The  phase  measures  show  the  least  variability  between  subjects  and  within  subjects,  and  were  repeatable 
withlii  a  few  degrees.  Thus,  the  major  advantage  of  this  type  of  testing  la  the  ability  to  detirmine 
changes  in  the  VOR.  Although  the  phase  measures  are  correlated  with  pathology,  they  are  jlso  normally 
uistributeu;  theref',^r-e,  it  would  be  ideal  to  have  a  standard  test  for  ,ali  alr'crow  members  in  order  to 
determine  early  losa  of  fund ti  in  as  reflected  in  subsequent  testing. 

EVALUATION  OF  SACCADIC  (FAST)  EYE  MOVEMENTS 

Since  tne  generation  of  sacoadio  eye  moveraonto  is  under  both  cortical  and  reflex  control  the 

movements  reveal  aspects  of  the  oculomotor  system  that  are  oompleraentar;'  to  the  slow  pursuit  and  VOR 

systems.  Our  present  test  uses  binocular  Infrared  reflectance  techniques  to  acquire  the  eye  mo. ame.Us 
and  analysis  of  these  data  is  performed  on-line  by  computer.  Eye  movements  ar'o  recorded  binocularry  for 
three  tracking  concllions!  left  eye  tracking,  right  eye  fracking,  and  both  eyes  tracking.  Target 
motion  is  in  discrete  Jump*,  ranging  in  amplitude  from  S”  to  90*,  and  both  the  time  of  the  move  and  its 
amplitude  are  randnnlzed. 

Eye  velocity  is  cslculated  frer,  the  eye  position  algna’s  and  the  resultl  ig  records  are  scanned  by 
the  computer  to  locate  all  saccadic  eye  movemeni.s  made  in  response  to  eaec  target  diaplaoement.  Sacoade 
.implltude,  peak  velocity,  peak  acceleration,  peak  deceleration,  duration,  auJ  J.itenoy  are  calculated  for 
each  eye  novoment.  The  functional  dapendsii  on  of  these  variables  on  elthir  target  amplitude  (latency  art! 
saocado  amplitude)  or  eye  movement  amplitude  (velocity,  .ocelerettor..  deceleralion,  and  dur'ation)  are 
detennined  by  regression  analyslc.  A  nonlinear  regression  is  used  tc  represent  thy  peak  veloolty,  peak 
acceleratlor.,  and  peak  deceleration  relationships.  Data  are  analyzed  for  each  eye  separately  and 
further  divided  into  abducting  and  adducting  moveiqyrits*  The  resulttS  of  these  analyses  are  presented  in 
graphic  form  to  aid  interpretation  (.see  Figure  H). 
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Figure  ^4  Binocular  data  from  a  normal  subject  in  response  to  nonpredlctable,  discrete  target 
muvefiients. 


DISCUSSION 

It  la  apparent  that  there  are  method*^  available  to  adequately  describe  both  visual  and  vestibular 
control  of  oculomotor  function  in  norma)  alrnrew  mombera.  Although  scientists  In  various  countries  of 
the  world  may  be  using  different  experimental  designs^  their  goals  are  the  same  -  to  more  rigorously 
describe  and  quantify  the  Input/output  relationships. 

Since  It  is  not  known  if  there  la  a  high  correlation  between  oculomotor  function  and  visual 
perception,  there  le  still  a  need  for  continued  research,  especially  in  th*  area  of  dynamic  visual 

<>culty<  For  exaiuple,  one  individual  may  be  able  to  track  a  target  at  a  higher  velocity  than  another'  yet 
have  the  same  threshold  for  identifying  moving  targets.  Data  fron  pursuit  tracking  studies  show  clearly 
that  the  use  of  purely  binocular  tracking  teets  does  not  reveal  asymmetries  and  differences  that  exist 
with  monocular  Inputs.  Although  all  military  pilots  are  presumed  to  have  normal  binocular  vlsjal 
function,  targets  and  visual  Information  often  first  appear  In  the  periphery  or  visual  field  o,*  one  eye. 

Some  pilots  can  quickly  acquire  aircraft  while  others,  even  with  directions,  have  difficulty  In  finding 

the  target.  Although  this  silL^tlon  is  confounded  by  searching  techniques  and  probabilities,  the 
question  stHi  remains  as  to  Whether  oculomotor  dynamics  play  an  Important  role  In  this  ability. 

In  the  case  of  vestibular-oculomotor  function,  methods  are  available  to  obtain  quantitative  and 
reliable  informaticn  related  to  horizontal  canal  function.  Since  it  is  not  known  what  the  immediate  or 
long-term  effects  of  sudden  onset  high  g  exposure  may  be  On  the  labyrinth,  it  la  important  to  have  at 

least  one  medical  evaluation  standard  related  to  vestibular  function,  since  the  phase  measures  ijf  the 

VOR  are  iiighly  Tepe«l<»l»ie  wiLliin  subjects  but  noriiolly  dlGtrltutcd  b6twt..n  subjects,  thc  test  Situation 
would  be  to  have  a  standard  set  of  test  results  for  each  individual.  Furthermore,  although  high 
performance  pilots  may  be  selected  for  excellent  health,  eventually  some  percentage  of  then  will  develop 
pathology  related  to  the  vestibular  apparatus.  When  that  occurs,  results  from  a  rotational  test 
performed  prior  to  any  impairment  would  be  extremely  valuable. 
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The  use  of  data  fro®  any  of  these  testa  to  predict  performance  Is  problematic  since  there  In 
presently  no  standardization  of  techniques  between  civilian  or  military  laboratories.  In  addition, 
since  these  testa  require  sophisticated  data  acquisition  and  analysis  systems,  the  evaluation  of  aircrew 
members  would  have  to  be  centralized  by  the  varloua  services  and  countries. 
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VISUAL  CAPABILITIES  RELATED  TO  FIGHTER  AIRCREW  PERFORMA^^Ct: 

IN  THE  F-14  AND  ADVERSARY  AIRCRAFT 

W.  A.  MONACO  and  P.  V.  HAMILTON 

NAVAL  AEROSPACE  MEDICAL  RESEARCH  LABORATORY,  NAVAL  AIR  STATION, 
PENSACOLA,  FLORIDA  32508-5700,  USA 


SUMMARY 

Standards  for  aviation  personnel  should  be  based  on  capacities  for  performing  critical 
tasks.  The  purpose  of  this  study  was  to  determine  whether  scores  on  task-relevant  visual 
tests  could  be  used  t^  predict  lir-to-air  target  detection  perforraance  of  pilots  involved 
in  air  combat  maneuver  <aCM)  training. 


NAMP.L  has  developed  a  series  of  automated  vision  tests  in  a  mobile  field  laboratory 
located  at  a  Tactical  Air  Combat  Training  System  (TACTS)  range.  A  computeriaed  telemetry 
network  provides  extensive  real-time  data  on  observer  and  target  aircraft  flight 
dynamics,  and  environmental  parameters,  A  pilot's  performance  on  each  ACM  engagement 
was  measured  by  the  slant  range  at  the  instant  he  sighted  a  target  aircraft.  (Slant 
range  is  the  distance  separating  observer  and  target  aircraft,  inclusive  of  altitude 
separation.) 

Preliminary  analyses  show  that  about  30%  of  the  variance  in  slant  range  is 
accounted  for  by  flight  dynamics,  environmental  parameters,  and  vision  data.  ■ 


INTRODUCTION 

Traditional  selection  and  retention  standards  for  Navy  aircrew  members  srr  based 
upon  clinical  consideration  of  good  health,  and  functioning  of  independent  o^gan  systems. 
These  standards  have  been  derived  from  established  rigorous  physiological  criteria  that 
have  been  used  for  clinical  diagnostic  purposes  by  highly  specialized  health  care 
practitioners.  The  resulting  aviation  medical  standards  are  extremely  restrictive 
without  necessarily  demonstrating  that  they  optimize  the  ind.ividual ' s  performance  on 
assigned  operational  tasks. 

.  >  This  research  project  attempts  to  expand  the  scope  and  depth  of  measures  ot  visual 
capability,  beyond  those  normally  assessed  in  clinical  settings,  to  include  functions 
that  may  be  correlated  with  performance  of  specific  aviation  tasks.  The  Vision  Sciences 
Division  at  NAilRL  is  currently  assessing  visual  capabilities  of  pilots  and  relating 
vision  to  the  pilot's  target  detectio.n  performance  during  simulated  air  combat. 

Although  modern  avionics  and  weapons  systems  enable  target  detection,  target 
identification,  and  missile  launch  at  distances  £<ir  beyond  normal  visual  capability, 
the  current  rules  of  engagement  in  air  combat  require  th.it  the  target  be  visually 
identified  before  weapons  are  launched.  Further,  avionics  can  fail  and  be  "jammed", 
as  experienced  by  our  aircrews  In  Vietnam,  thus  rendering  vision  the  sole  means  of 
target  detection.  In  Vietnam,  a  significant  number  of  kij Is  were  attributed  to  the 
ability  to  visually  detect  an,',  frllow  , enemy  aircraft. 

It  is  readily  apparent  that  vision  continues  to  play  a  key  role  in  air  combat,  and 
that  it  is  important  to  quantify  visual  capability  in  a  manner  thav  will  enable  clinicians 
to  relate  r Mnlonl  meoaures  to  flight  performance  parameters.  In  an  attempt  to  satisfy 
this  goal,  91  Navy  pilots  involved  in  ACM  training  were  studied.  The  visual  capabilities 
of  these  pilots  were  extensively  evaluated,  and  compared  to  their  a.ir-to-air  target 
detection  performance.  The  results  of  this  study  are  reported  herein. 


METHODS 

Subjects. 

Ninety-one  malb  pilots  (age,  25  to  41  years)  were  studied  at  the  Tactical  Air  combat 
Training  .System  (TACTS)  range,  at  NAS  Oceana,  VA,  Two  groups  of  pilots  were  distinguished. 
Group  A  consisted  of  18  irembers  of  the  adversary  squadron  station  at  HAS  Oceana.  ,  They 
had  accumv'latod  an  ax'erage  of  1888  flying  hours,  with  34%  of  these  hours  in  ACM.  Group 
A  pilots  flew  F-5  and  A-4  aircraft  on  most  ACM  missions;  these  aircraft  were  not  radar 
equipped,  so  these  pilots  depended  exclusively  on  vision  for  target  detection.  Group 
,B  conslstei  of  73  pilota  trcM  seven  operational  squadrons  participating  in  the 
Fleet  Fighter  Aircrew  Readiness  Program  (FP’ARP) .  They  had  an  average  of  1749  flying 
hours,  only  17%  of  which  were  ACM.  Group  B  pilots  flow  )i’-i4  aircraft  on  all  ACM  min.sicins, 
and  used  both  radar  and  vision  to  detect  targets,  ,  .  _  \ 
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Vision  Data.  Six  vision  tests,  selected  on  the  basis  of  test  reliability  (4)  and 
relevance  to  the  target  detection  task,  were  administered  to  all  91  pilots.  The  six 
teats  (listed  below)  are  referred  to  by  their  code  names  (in  parentheses)  hereafter. 

1.  Central  Spot  Detection,  minutes  of  visual  angle  (SPOT) 

2.  Central  Acuity,  high  contrast,  minutes  of  visual  angle  (ACHI) 

3.  central  Acuity,  low  contrast,  minutes  of  visual  angle  (ACLO) 

4.  Central  Acuity,  low  contrast,  with  glare,  minutes  of  visual  angle  (GLAR) 

5.  Accommodative  Flexibility ,  far  to  near,  seconds  (FLEX) 

6.  Lateral  Movement  Detection,  left  and  right,  minutes  of  visual  angle 
per  second  (MOVE) 

The  test  design  and  data  collection  procedures  were  outlined  in  previous  reports 
(1-3).  A  mean  stimulus  threshold  value  (T)  was  obtained  for  each  vision  test,  based  on 
10  threshold  value  determinations.  For  the  first  five  tests  listed,  the  mean  threshold- 
stressed  response  time  (Srtj  associated  with  the  10  threshold  determinations,  was  also 
obtained . 

Target  Detection  Ptirformance  Data.  The  TACTS  range  incorporates  a  computerized 
telemetry  system  which  provides  real-time  flight  and  engineering  data  about  observer  and 
target  aircraft,  on  each  ACM  engagement.  The  "slant  range"  at  the  instant  of  the  "TALLY 
HO"  call  was  used  as  the  measure  of  a  pilot's  air-to-air  target  detection  performance. 
"TALLY  HO"  is  the  term  used  by  pilots  to  indicate  Initial  target  detection.  Slant  range 
is  the  actual  distance  (in  kilometers)  separating  the  observer  and  target  aircraft, 
inclusive  of  altitude  separation. 

Over  a  one  year  period,  data  were  obtained  for  759  ACM  sorties  (engageme.^ts)  on  the 
TACTS  range  involving  these  91  pilots  as  observers  (mean  8.34  sorties/pllot;  range, 

1  to  30)  .  The  following  flight  dynamics  and  environmental  variables  were  obitalned  for 
each  sortie  at  the  instant  of  "TALLY  HO": 

1.  Visibility  (kilometers),  cloud  coverage  (clear,  scattered.,  broken,  or 
overcast),  (cosine  of)  angle  of  the  sun  in  the  obse.rver's  visual  .field 
(range  from  directly  in  front  "  +1,  to  directly  behinn  =»  -1). 

2.  Number  of  observer  and  target  aircraft  Involved.  i  '  ' 

3.  Slant  range  (kilometers),  bearing,  and  angle  off-the-toil  of  the 

target  from  the  observer  aircraft.  \ 

4.  Target  angle  (degrees)  f.nm  observer  aircraft  (angle  hetw>„en  observer 
aircraft's  direction  and  actual  line-of-sight  to  target). 

5.  Observer  and  target  aircraft  Mach,  indicated  i  Irspeed  (knots),  heading, 
altitude  (meters],  angle  of  attack,  G-ferce,  di vo/climb  angle,  rate  of 
climb  (iTieters  per  minute/100),  pitc),  a.nglfj,  roll  angle,  crab  angle, 
sideslip  angle. 

6.  Variables  computed  from  thi  above  variables:  altitude  separation,  angle  ' 
of  target  aircraft  cbove  or  below  horizon,  projected  area  (square  meters)  of 
target  aircraft  (includes  /xlrcraft  type  (size),  attitude,  and  viewing 
aspect  of  observer) ,  target  velocity  component  (the  component  of  a  target 
aircraft's  ground  velocity  vector  perpendicular  to  the  observer's  viewing 
aspect,  i.e.,  a  measure  of  how  much  target  movfenent  occurred  in  the  .  ' 
observer's  visual  field),  and  closlpg  velocity  (knots). 


RESULTS  I 

The  average  clant  range  at  "TALLY  HO"  for  the  759  ACM  sortios  was  10.94  kilometers 
(s.d.  6.1;  range,  0.7  to  5'..  7).  The  same  mean  range  (10.96  km  «  .5.92  nautical  rai.les) 

wiiB  reported  for  87  ACM  engagrme.'sts  invulting  F-14  and  F-4  observer  aircraft  at  the  Yuma 
TACTS  range  (4),  A  mean  range  of  5.72  km  was  reported  for  100  ACM  engagements i  .nvolvlng 
F-4  observer  aircraft  at  the  Yuma  TACVS  range  (5).  Some  of  the  longer  slant  range  valw^s 
in  the  present  data  are  known  to  h»ive  resulted  fron  sighting  of  contrails  or  smoke, 
rather  than  the  actual  aircraft  body.  Group  A  pilots  had  an  average  slant  range  value' 
ol  12.65  km  (ntd.  dev.  *  7.f;  n  347  sorties),  while  Group  B  pilots  had  an  average 
slant  range  '3.39  km  std.  dev.  <•  4.3>  n  «  412  sorties).  Given  an  average  target  projected 
area  of  23.3  m' ,  the  average  spot  detection  threshold  (SPOT-T  *  .46  minutes  of  visual 
angle)  wou.Vd  correrpond  to  a  slant  range  of  40.6  km;  the  average  low  contract  acuity 
.t.)ire»hold  (ACLO-T  «  ,80  mva)  would  correspond  to  a  slant  range  of  23,3  km. 
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Comparison  o£  the  angular  subtense  of  the  targets  (i.e.,  a  oircle  having  the  computed 
projected  area  at  the  slant  range  distance)  reveals  that  this  difference  is  priinarj.ly 
due  to  the  fact  that  Group  A  p.ilots  were  sighting  F-14's  and  Group  B  pilots  were  sighting 
much  smaller  aircraft  (F-5's  and  A-4'a),  Group  A  pilots  saw  targets  at  a  mean  angular 
subtense  of  2.46  minutes  of  visual  arc,  and  Group  B  pilots  saw  targets  at  2.17  minutes 

of  visual  arc.  Using  these  angular  subtense  values  to  correct  for  the  different 

aircraft  targets  sighted  by  the  two  pilot  groups,  the  computations  can  be  reversed  to 

ask  what  the  expected  slant  ranges  would  be  for  the  same  sized  target,  for  the  two  pilot 

groups.  For  a  target  ha^ng  the  average  projecte3  area  i23 . 3  ,  Group  A  pilots  would 

have  an  average  expected  slant  range  of  7.59  km,  and  Group  B  pilots  would  have  an 
average  expected  slant  range  of  8.61  km.  The  ability  of  Group  B  pilots  to  visually 
detect  a  standard  target  1.0  km  farther  away  than  Group  A  pilots  is  almost  certainly 
due  to  Group  B  having  an  operational  radar.  The  radar-associated  advantage  would 
probably  be  greater  if  both  piloi.  groups  were  equally  experienced  in  ACM. 

Cloud  coverage  (a  discrete  variable)  influenced  slant  range  (Figure  1) .  The 
average  slant  range  value  was  over  1.8  km  greater  on  overcast  days,  than  on  clear  days. 
Pearson  correlation  coefficients  were  computed  between  each  continuous  TACTS  and  vision 
variable,  and  slcnt  range,  for  all  759  sorties,  and  variables  significantly  correlated 
(P  ^  .05)  with  slant  range  were  Identified.  Because  certain  TACTS  variables  are  related 
(e.g.,  aircraft  Mach,  Indicated  airspeed,  angle  of  attack),  the  significant  correlations 
between  ."ome  variables  and  slant  range  result  from  these  inter-relationships.  The 
primary  TACTS  variables  significantly  correlated  with  slant  range  are  summarized  in 
Table  1.  The  relationship  between  slant  range  and  observer  aircraft  G-force  is 
illustrated  in  Figure  2.  The  correlations  between  vision  variables  and  slant  range  are 
given  in  Table  2.  ■ 


Stepwise  multiple  regression  analyses  were  conducted  xn  order  to  evaluate  the  value 
of  TACTS  and  vision  variables  in  predicting  air-to-air  target  detection  perfoimancc,  as 
measured  by  slant  range.  Dumn.y  variables  were  used  to  represent  the  four  categories 
,  of  cloud  cover  (clear,  scattered,  broken,  overcast),  and  the  two  groups  of  pilots  (A,  B) . 
i.sgardlbss  of  whether  all  variables,  or  just  vision  or  TACTS  variables,  were  available 
ror  entry  into  multiple  regression  models,  pilot  group  was  the  first  variable  to  enter 
(See  Table  3) .  This  result  reflects  the  significantly  longer  slant  ranges  for  Group  A 
pilots,  who  were  sighting  F-14  aircraft.  Of  all  the  multiple  regression  models 
generated,  the  best  predictive  power  (R-squared  =  .296)  was  obtained  when  both  vision 
and  TACTS  variables  were  available,  and  when  Group  A  pilots  were  considered  by  themselves. 

For  all  pilot  groups,  TACTS  variables  clearly  accounted  for  more  of  the  variance  in 
slant  range,  than  did  vision  variables.  Target,  projected  area,  sun  position,  visibility 
ind  cloud  coverage  appeared  to  have  more  Influence  on  slant  range  for  Group  A  pilots  than 
Group  B  pilots.  Target  angle,  closing  velocity,  and  observer  sideslip  angle  appeared  to 
have  more  influence  on  slant  range  for  Group  B,  than  Group  A  pilots.  Observer  G-force 
appeared  to  influence  both  pilot  groups  rliout  equally. 

For  ail  pilo-  groups,  threshold-stressed  response  time  for  the  low  contrast  acuity 
vision  test  tended  to  have  the  greatest  influence  on  slant  range  of  any  vi8..on  variable. 
Othfr  vision  tests  having  a  significant  influence  (P  ^  .05)  cn  slant  range  in  sore 
models  Included  lateral  movement  (to  the  right),  spot  detection,  high  contrast  acuity, 
and  tccomrocd-itivo  flexibility.  .Tn  general,  threshold-stressed  response  times  appeared 
to  have  at  least  as  much  value  ar  thresholds  for  predicting  slant  range. 

Thj  multiple  regression  model  which  best  predicts  slant  range  from  TACTS  and  vision 
variablae,  for  both  pilot  groups  (H-tquared  .27),  is  given  below: 

.Slant  Range  =  29.35  '-.4.iJ4  (Group)  -.120  (target  nngle)  -.013  (closing 

velocity)  -1.467  (observer  G-forco)  -.06  (projected  area)  +1.178 
(ACLo-srT)  -.976  (cosine  of  sun  position)  -.024  (target  aircraft 
.  ra:  e  of  climb)  ,  , 


'  where,  group  equals  0  if  A,  1  if  B 

vhc  multiple  regression  model  which  best  predicts  slant  range  from  TACTS  variables 
only,  for  both  pilot  aroups  (R-squared  -  .26),  is  given  below: 

Slant  Riaiige  31.56  -4.3i,  (Group)  -.122  (target  angle)  -.013  (closing  velocity) 
-1.461  (observer  'j-force;  +1.M  (cloud  cover)  -.06  (projected  area)  -.989 
I  ; cosine  of  sun  pos'd;  ion)  -  .024  (targot  aircraf,t  rata  of  climb) 

,  where,  group  equals  O  if  A,  1  if  B;  cloud  cover  equals  0  If  clear, 

'  scattared,.  or  broken.  1  If  overpasr 


1  'i. 


(  \  •  '  , 


' -1 


i  .li 


i 


I 

\ 


* 

i 

i 


.  I 

-  i 


'^■1 
■■  I 
! 


.1H-4 


DISCUSSION 

The  air-to-air  visual  target  detection  performance  of  O.  S.  Navy  pilots  training 
in  ACM  was  clearly  influenced  by  environmental,  flight  dynamics,  and  vision  variables. 
The  significantly  longer  slant  range  values  associated  with  overcast  sky  conditions 
(Figure  1)  are  probably  due  to  improved  target  contrast  against  the  background.  Sun 
positions  in  the  observer  pilot's  field  of  vision  resulted  in  shorter  slant  range 
values,  than  did  sun  positions  behind  the  pilot.  Because  ACM  training  lasts  throughout 
the  day,  and  because  observer  aircraft  headings  are  not  consistent  for  different  "TAbLV 
HO"  calls,  the  average  sun  position  for  all  ACM  sorties  was  directly  overhead.  However, 
of  the  30  "TALLY  HO' s"  called  by  pilots  at  slant  ranges  exceeding  24  km,  29  occurred 
when  the  sun  was  behind  the  pilot.  The  sun's  position  would  influence  target  detection 
performance  through  its  effect  on  observer  canopy  glare.  Also,  because  target  aircraft 
in  ACM  training  are  normally  located  in  front  of  observer  aircraft,  the  sun's  position 
would  affect  target  reflectance  or  glint. 

Of  the  target  aircraft  variables  measured,  indicated  airspeed  had  the  strongest 
correlation  with  slant  range,  for  all  pilot  groups.  Because  the  correlations  were 
greater  between  target  indicated  airspeed  and  slant  range,  than  between  closing  velocity 
and  slant  range,  the  cause  of  this  relationship  ought  to  involve  the  target  aircraft 
directly.  Slower  airspeeds  should  result  in  a  greater  concentration  of  exhaust  smoke 
and  hence  should  Increase  target  visibility.  The  small  (yet  significant)  positive 
correlation  between  slant  range  and  the  vector  component  of  the  target  aircraft's 
ground  velocity  (perpendicular  to  the  observer  aircraft's  viewing  aspect)  probably 
reflects  increased  detectability  associated  with  increased  movement  of  the  target  in  the 
observer's  visual  field.  The  positive  correlation  between  target  projected  area  and 
slant  range  presumably  results  from  a  larger  target  being  visible  at  a  greater  distance. 
The  fact  that  this  correlation  Is  not  higher  than  .079  may  mean  that  observer  pilots  are 
detecting  glint,  smoke,  or  contrails,  rather  than  the  actual  aircraft  body. 

The  number  of  target  aircraft  (range  from  1  to  6)  available  for  detection  was 
significantly  correlated  with  slant  range  for  Group  A  pilots  only.  Because  they 
depended  exclusively  on  vision,  more  available  targets  would  increase  the  probability 
of  target  detection.  Group  B  pilots  typically  "locked  on"  to  a  particular  target 
ai.-craft  with  radar  prior  to  visual  detection,  and  were  primarily  concerned  with  calling 
"TALLY  HO"  for  only  that  particular  target. 

The  relationship  of  target  aircraft  sideslip  angle  and  slant  range  is  difficult 
to  interpret  for  different  groups  of  pilots.  One  confounding  factor  is  that  the  average 
sideslip  angle  of  Group  B  aircraft  was  over  four  times  greater  than  the  average  sideslip 
angle  of  Group  A  aircraft  (4.89  vs  1.12  degrees). 

Four  of  the  observer  aircraft  variables  were  significantly  correlated  with  slant 
range  for  all  pilot  groups. 

(1)  The  negative  correlation  with  target  angle  means  that  targets 
directly  in  front  of  the  aircraft  can  be  seen  at  greater  distances. 

In  these  fighter  aircraft,  the  windscreen  glass  directly  in  front 
of  the  pilot  is  a  planar  surface;  canopy  reinforcing  bars  are 
positioned  at  each  side  of  this  flat  plate,  and  the  adjacent  wind¬ 
screens  are  curved.  Thus,  poorer  slant  range  values  associated 
with  large  target  angles  (l.e.,  off  axis  targets)  could  be  caused 
by  distortion,  partial  blockage  of  the  visual  field,  or  both. 

(2)  The  correlation  between  observer  aircraft  indicated  airspeed  and 
slant  range,  is  greater  than  the  correlation  between  closing 
velocity  and  slant  range.  This  result  suggests  that  the  cause  of 
the  observer  indicated  airspeed  vs.  slant  range  relationship 
directly  Involves  the  observer  aircraft.  The  reason  for  this 
relationship  is  unclear. 

(3)  The  negative  relationship  between  observer  G-force  and  slant  range  (Figure 
2)  probably  results  from  reduced  visual  function  (e.g.,  loss  of  peripheral 
vision)  associated  with  physiological  stresses  (6). 

(4)  The  negative  relationship  between  observer  aircraft  sideslip  angle  and 
slant  range  probably  reflects  the  fact  that  high  sideslip  angles  are 
associated  with  an  aircraft  turning.  All  objects  In  the  visual  field 
are  moving  in  this  situation. 

Of  the  two  aircraft  relationship  variables,  closing  velocity  had  the  strongest 
relationship  with  slant  range.  This  could  simply  reflect  the  fact  that  slower  closing 
velocities  allow  more  time  to  detect  targets  at  greater  distances.  Alternately, 
this  relationship  could  be  an  indirect  one,  owing  to  the  direct  relationships  between 
slant  range  and  both  target  and  observer  aircraft  indicated  airspeeds  (see  above) . 
Altitude  separation  was  negatively  correlated  with  slant  range  for  Group  A  pilots,  but 
not  for  Group  B  pilots.  The  Group  A  results  could  be  due  to  targets  being  more 
visible  when  they  are  in  line  with  the  horizon,  or  could  reflect  a  more  distorted 
or  blocked  field  of  view  at  angles  above  or  Iselow  the  observer  aircraft's  axis. 
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The  several  positive  correlations  between  threshold-stressed  response  times  and 
slant  range  indicate  that  longer  (=  slower)  response  times  are  associated  with  longer 
slant  range  values.  The  response  time  measures  for  these  vision  tests  tended  to  be 
negatively  correlated  with  their  companion  threshold  measures.  Possible  reasons  for  these 
inter-relationships  are  discussed  elsewhere  (7).  The  fact  that  ACLO-SRT  had  the 
strongest  correlation  with  slant  range  may  reflect  the  fact  that  a  target  aircraft's 
contrast  with  its  background  is  deliberately  minimized  by  its  color  and  reflectance. 

GLAR-T  and  MOVR-T  were  significantly  correlated  with  slant  range  for  Group  A  pilots, 
but  not  for  Group  B  pilots,  whose  radar  information  told  them  exactly  where  to  look. 

Multiple  regression  analyses  support  the  importance  of  contrast  in  visual  detection 
of  an  aircraft  target.  ACLO-SRT  entered  the  model  (for  both  pilot  groups)  when  both 
TACTS  and  vision  variables  were  available;  however,  when  only  TACTS  variables  were 
available,  ACLO-SRT  was  replaced  by  overcast  cloud  cover,  a  condition  almost  certainly 
associated  with  greater  target  contrast.  Most  of  the  differences  between  models  for 
Group  A  and  B  pilots  can  be  explained  by  their  differing  degrees  of  dependency  on  vision 
for  initial  target  detection. 

Several  scenarios  can  be  described  to  summarize  the  relationship  of  these  TACTS  data 
to  slant  range.  With  an  operational  air-to-air  radar  as  a  supplementary  aid,  a  observer 
pilot  can  expect  to  detect  targets  visually  at  a  longer  distance  if  1)  he  flies  directly 
toward  the  target  at  a  slow  airspeed,  and  if  2)  he  avoids  sharp  turns  or  other  actions 
that  cause  apparent  movements  of  objects  in  the  visual  field  ("swim"),  and  that  produce 
abnormal  G- force? .  An  observer  pilot  lacking  an  operational  radar  system  (i.e.,  none  in 
aircraft,  or  equipment  failure)  should  do  both  of  the  above,  plus  insure  that  the  sun  is 
behind  him  and  (if  possible)  attempt  to  fly  at  the  same  altitude  as  the  target  aircraft. 

A  pilot  who  wishes  to  get  as  close  as  possible  to  an  adversary  aircraft  possessing 
operational  radar,  before  being  detected,  should  fly  fast  and  at  a  greatly  different 
altitude  than  the  adversary;  for  an  adversary  lacking  operational  radar,  such  a  pilot 
should  also  fly  with  the  sun  at  his  back. 

The  multiple  regression  analyses  indicate  that  slant  range  is  more  dependent  upon 
TACTS  variables  than  vision  variables.  This  might  be  expected,  given  the  fact  that  Navy 
pilots  are  a  highly  select  group;  these  91  pilots  had  an  average  high  contrast  acuity 
threshold  (ACHI-T)  of  0.39  minutes  of  visual  angle,  which  is  better  than  20/10  Snellen. 

The  greatest  R-squared  value  (.296)  means  that  30%  of  the  variance  in  slant  range  could 
be  accounted  for  by  all  the  variables  used.  Air-to-air  visual  target  detection  is  a 
very  complex  behavior,  and  unmeasurable  factors  probably  influence  performance.  Future 
research  will  test  and  refine  the  predictive  models  for  slant  range  described  here,  at 
the  TACTS  range  at  NAS  Oceana.  The  goal  of  this  program  is  to  improve  air  combat 
performance  by  suggesting  more  effective  methods  for  selection,  retention,  and 
training  of  aircrew  members. 
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TABLE  1.  CORRELATION  COEFFICIENTS  BETWEEN  SELECTED  ENVIRONMENTAL  AND 
FLIGHT  DYNAMICS  VARIABLES  AND  SLANT  RANGE,  FOR  DIFFERENT  PILOT  GROUPS 


1 

1 

PILOT  groups 

1 

A  A  B 

A 

B 

j  VARIABLES 

<n  ■  759  sorties) 

(n  *  347  sorties) 

(n  -  412  sorties) 

I  : 

i  environmental 

** 

A 

^  -  sun  position 

-.199 

-.130 

.015 

TARGET  AIRCRAFT 

i  -  indicated  airspeed 

Hit 

-.178 

-.228 

-.089 

~  •  vector  component  o£ 

.  f  ground  velocity 

•082** 

.079 

.083 

.  t  -  sideslip  angle 

.171* 

-.071 

-.051 

1  :  -  projected  area 

.079 

-.095* 

.012 

1  /  .  ^  -  number  of  target  aircraft 

.049 

.147 

-.027 

OBSERVER  AIRCRAFT 

-  target  angle 

Indicated  airspeed 
~  £.  --"orce 
"  sideslip  angle 

AldO^LiFT  RELATIONSHIPS 

aMitude  separation 
'  riostng  velocity 


-•133* 

-.270. 

-.190. 

-.185 


-.067,, 

-.130 


-.185* 

-.199* 

-.223* 

-.126 


-.132* 

-.195 


-.28v*, 

-.220* 

-.202* 

-.262 


.030 

.056 


"  P  <  .05 
AA  •  P  <  .0005 


TABLE  2.  CORREUTION  COEFFICIENTS  BETWEEN  VISION  VARIABLES 
AND  SLANT  RANGE,  FOR  DIFFERENT  PILOT  GROUPS 


•M 

im 


PILOT  GROUPS 

\ 

[ 

t 

A  &  B 

A 

B 

1 

VARIABLES 

(n  *  759  sorties) 

(n  -  347  aortlaa) 

i  (n  ■  412  sorties)  ■ 

f 

I 

1 

SPOT-T 

.008* 

-.040 

i 

-.088*  5 

1  ■ 

ACHI-T 

-.098 

-.OSP 

-.128  i 

S  1 

ACLO-T 

.012 

-.105 

-.032  i 

£ 

GLAR-T 

.020 

-.128 

.020  j 

FLEX-T 

-a008 

-.070 

-.064 

S  ^  " 

MOVL-T 

.059* 

•.09G* 

.028  i 

MOVR-T 

.0''2* 

-.138* 

-.000 

p  .  -  i; 

SPOT-SRT 

.096* 

'  -.o:-; 

•129** 

.143 

ACHI-SRT 

ACLO-SRT 

.100*** 

•190*.* 

.008. 

.135 

GLAR-SRT 

.145 

.042 

-.007 

Be  ' 

FLEX-SRT 

.056 

.069 

.056 

11 

*  .  p  <  .05 

‘  /  i 

**  -  P  .005 

KB 

***  •  p  <  .0005 

‘s  ' 

^  .S! 

. . 
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TABLE  3.  RESULTS  OF  STEPWISE  HIXTIPLE  REGRESSIOHS  FOR  THE  DEPENDENT  VARIABLE  SLANT  RANGE,  USING 
DIFFERENT  GROUPS  OF  PILOTS  AND  INDEPENDENT  VARIABLES.  VARIABLES  ARE  LISTED  IN  THEIR  ORDER 
OF  ENTRY  INTO  MODELS.  (P  <.05  FOR  ENTRY  AMD  RETENTION  IN  MODELS). 


CROUPS  OF 

PILOT 

CROUPS 

, 

VARIABLES 

A  A  B 

A 

B 

VISION  AND  TACTS 

R^  -  .270 

R^  -  .296 

R^  -  .211 

VARIABLES 

1.  Croup 

la  Target  Mach 

1.  Target  angle 

2.  Target  angle 

2.  Cloud  cover 

2.  Closing  velocity 

3.  Closing  velocity 

3.  Obaerver  G-f oree 

3.  Observer  G-force 

4.  Observer  O-Corcc 

<1.  VlBlblllty 

4.  ACHI-SRT 

5.  Projected  area 

5.  ACLO-Sr.T 

5a  Observer  sideslip 

6.  ACLO-SRT 

6.  SPOT-SRT 

angle 

6.  Target  altitude 

7«  Sun  position 

8.  Target  race  of  climb 

7.  Target  angle 

8.  Cloatng  veloclf/ 

9.  Projected  area 

10.  Sun  position 

11,  FLEX-T 

' 

VISION  VARIABLES 

ONLY 

-  ,099 

R^  -  .034 

■>  ,044 

j .  Group 

1.  MOVR-T 

1.  ACLO-SRT 

2,  ACLO-SRT 

2.  ACLO-SRT 

2.  ACHI-T 

3,  MOVR-T 

3.  ACLO-T 

TACTS  VARIABLES 

R^  -  .260 

-  .263 

R*  -  .205 

ONLY 

1.  Croup 

1.  Cloud  cover 

1.  Target  angle 

2.  Target  angle 

2  .  Observer  G-'force 

2.  Closing  velocity 

3.  Closing  velocity 

3.  Target  angle 

3a  Observer  G-forcc 

4.  Observer  G-£oto« 

4.  Closing  velocity 

4.  Obacrver  sideslip 

angle 

5e  Cloud  cov^'.r 

5.  Projected  area 

S.  Cloud  cover 

6.  Projected  >rea 

0.  Sun  position 

6.  Target  angle  of 

7.  Sun  poslcli  n 

8,  Target  rate  of  climb 


Figure  1.  Avprsjie  slant  ranges  for  four  categories  cf  cloud  ccv<r  conultlona  during 
75^  ACM  engagf*ments<  r’ubera  over  each  histogram  bar  Indicete  number  of 
engagementa  for  that  condition. 
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Figure  2,  A'/nragc  ranges  Cox  Incrtwcnti-  of  observer  aircraft  G-force,  on  ACM 

enga,x'’^6  nts.  Noinbcr#’.  over  each  hietograu*  bar  Indicate  number  of  engagemente  for 
chat  G-forcc  tncrenent. 
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VISION  TEST  BATTERY  THRESHOLD  AND  RESPONSE  TIME  AS  PREDICTORS  OF 
AIR-TO-AIR  VISUAL  TARGET  ACQUISITION  IN  F-14  AND  ADVERSARY  AIRCRAFT 
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A.  MORRIS,  P.  V.  HAMILTON,  W.  A.  MOREY,  AND  R.  P.  BRIGGS* 

NAVAL  AEROSPACE  MEDICAL  RESEARCH  lABCR/xTORY,  NAVAL  AIR  STATION 
PENSACOLA,  FL  32508-5700,  USA 

‘safety  SCIENCES  DEPARTMENT,  UNIVERSITY  OF  SOUTHERN  CALIFORNIA 
LOS  ANGELES,  CA  90089-0021,  USA 


SUMMARY 

'  The  NAMRL  Vision  Teat  Battery  provides  assessment  of  various  visual  functions, 
including  spot  detection,  acuity  at  high  and  low  contrast,  glare  sensitivity,  and 
aceonimodativo  flexibility.  Within  these  tests  are  measures  of  threshold,  threshold- 
sitrensel  response  time  (for  near-threshold  stimuli),  and  unconfounded  response  time 
(for  sapra-threshold  stimuli). 

The  contribution  of  response  time  va-iablea  to  predicting  flight  pc-rformanco  waf 
nveluatud  for  73  fighter  pilots.  Vision  test  data  were  compared  to  performance  in  air 
corvbat  maneuver  training.  The  distance  (slant  range)  between  the  observer  and  target 
aircraft  at  time  of  initial  visual  dc.'tection  was  used  as  the  performance  variable. 

Availability  of  response  time  variables  enhanced  the  ability  to  predict  the 
aii-to-air  visual  target  detection  performance  of  these  pilots.  Four  vision  variables 
accounted  for  about  32v,  of  the  variance  in  performance  of  tlioso  pilots  who  detected 
targ.vt  aircraft  at  slant  ranges  greater  than  the  group  average.  Prediction  of 
performanov  is  improved  by  incorporating  other  vision  data  and  additional  refinement  of 
th».  p'or £crft2»nco  measure. 


1HTRODI.ICT10N 

For  several  years  a  major  program  has  been  in  f>rogie6S  at  the  Naval  Aerospace  Medical 
Rcsearcti  Laboratory  to  develop  and  validate  a  battery  of  vieion  tests  for  assessing  those 
visual  functions  which  influence  mission  e.^'icetiveness  in  naval  aviation.  An  automated, 
optical -mechanical  testing  system  has  been  developed  and  successfully  used  to  maY.o  vision 
ineasureitientfi  aucli  as  acuity  at  high  and  low  contrast,  spot  detection,  glare  sensitivity, 
and  .icconiirodative  flr.xibillr.y .  Recorded  in  each  of  these  tests  is  a  measure  of  the 
response  r.ime.  The  inver.se  relationship  between  response  time  and  ability  to  detect  the 
si.iriuiuB  is  weli  established  (1).  Response  time  iu  an  cstalilished  and  useful  mOa-Suro 
of  mental  processing  and  coordinated  activity. 

In  the  past,  air-to-air  visual  target  detection  performance  has  been  predicted 
priniariiy  using  visual  threshold  data  from  the  NAMRL  Vision  Test  Battery  (VTB)  ,  However, 
Erickson  (2)  found  that  laboratory  ”isual  search  time  scores  of  22  Navy  pilots  were  not 
rel/it^’d  to  visual  acuity  but  vere  significantly  correiatod  with  response  time  measures. 
Although  the  VTB  thi  shold  data  alone  account  for  some  of  the  variance  in  pilot 
performance,  the  use  of  response  time  data  instead  of,  or  in  addition  to,  threshold  data 
cf/uld  improve  i^redictive  pewor.  In  thio  study,  the  contribution  of  response  tinio  data 
in  predicting  air-to-air  target  detection  performance  of  pilots  is  examined. 


HETIIODH 


SUilJliCT.S 


Eeventy-threc  experienced  male  Navy  pilots  attached  to  Fighter  Wing  One,  NAS, 

(Jeoann,  VA,  f>art  lcl[)atod  in  this  project.  The  subjects  ranged  in  age  from  2'.>  to  41  years 
(ti'.tun  =  30.  3),  and  tanged  in  fl  ing  experience  'total  flying  h'^urs)  from  400  to  4'>('0 
tiours  (n.ean  -  l/'i'i).  All  subjects  demonstrated  excellent  visual  acuity  (at  least  20/170 
Snellen  acuity;  and  pussesseJ  the  superior  practical  visual  skills  required  for  flying 
advanced  aircraft..  Therefore,  they  were  a  highly  select  group,  botli  in  terms  of  vision 
test  scores  and  nycceshful  Job  'er formance. 

APPAR/iTOH 


The  Vision  'fast  Battery  iVTIl)  o.quipim-nt  aad  di'jital  controJ  system  have  )jceri  dcocrlt.od 
olaewherc  in  greatei  detail  (3,4-.  The  VTB  consists  of  an  oivtical  projection  system  witii 
r  rndom-accoss  slide  projectors,  f.  ij"ing  shutters,  and  o  reuponae  joystick,  all  integrated 
through  a  digit>ai  controller  linked  to  a  Hewlci;t-P.ackard  9825  computer  via  various  iriter- 
taces  and  mul  t  i-progrtimmers .  'r)!o  teat  largats  were  a  series  of  precision  Landolt  "C" 

rings  and  single  spol:e  on  higli-regoluUion  phctogrophic  emu] r. ton-on-glass  elides  (5).  Tl  .  "< 
patterns  were  oriented  with  the  gap  up,  down,  right,  or  left  at  rn.ndgm.  T.argetn  were 
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presented  for  3  seconds  duration  in  all  tests,  except  for  the  accommodative  flexibility 
tost  where  exposure  time  was  the  experimental  variable.  The  bacitqround  screen  illumi¬ 
nation  level  was  343  cd/m2  (100  foot  Lamberts) ,  and  the  high  intensity  glare  condition 
was  approximately  3000  cd/m2.  The  high  and  low  contrast  targets  were  100%  and  10% 
target-to-background  ratio,  respectively.  The  accommodative  flexibility  test  required 
the  subject  to  read  targets  at  a  far  di-stance  of  5.5  m,  then  at  a  near  distance  of  0.47  ra. 
The  other  automated  testa  in  this  study  involved  a  far  observing  distance  of  5.5  m. 

PROCEDURE 

Five  vision  tests  which  included  a  response  time  measure  were  selected  from  the 
extensive  Vision  Test  Battery  series  for  this  analysis.  The  five  tests  are  summarized 
in  Table  1.  The  teat  code  names  are  used  in  all  subsequent  tables.  The  various  types 
of  tests  involve  diffetent  task  complexities.  The  spot  detection  test  (SPOT)  is  the 
simplest  task  (two  response  choices,  one  judgment  to  reply),  the  acuity  tests  (ACKI, 

ACI.O,  CtLAR)  arc  more  complex  (four  choices,  one  judgment)  and  the  accommodative 
flexibility  test  (FLEX)  involves  the  most  complex  task  (four  choices,  two  judgments). 

After  the  presentation  of  a  fixation  pattern,  the  target  images  of  Landolt  "C" 
rings  or  spots  were  presented.  The  subject  was  required  to  respond  manually  with  a 
four-choice  lover  indicating  either  gap  orientation  or  yes-no  detection  of  the  spot.  The 
subject's  response  time  was  measured  from  the  onset  of  the  stimulus  target  to  his  response. 
For  each  test,  10  practice  trials  were  given,  followed  by  40  or  more  test  trials. 

A  modified  staircase  (von  Dcke.sy)  psychophysical  testing  procedures  with  forced- 
choice  response  was  employed.  The  difficulty  of  successive  test  trials  was  increased 
until  the  subject  gave  an  incorrect  response;  then  difficulty  was  decreased  until  a 
correct  response  was  given  (which  determined  the  first  threshold);  difficulty  was  then 
increased  again  until  the  next  error,  and  so  forth.  In  the  acuity  tests,  the  Landolt 
"C"  was  reduced  in  size  on  each  trial,  as  long  as  the  gap  orientation  response  was  correct. 
In  the  spot  detection  test,  the  subject  reported  "yes"  or  "no"  for  detection  at  each 
trial  while  target  sizes  were  reduced  or  increased  appropriately.  For  the  accommodative 
flexibility  test,  two  Landolt  "C"  targets  (gap  size  =  two  minutes  of  arc)  displayed 
simultaneously,  one  at  far  and  one  at  neai  observation  distance'.  Target  presentation 
time  was  reduced  for  each  trial,  as  long  as  the  subject  gave  correct  responses  for  both 
targets.  Since  subjects  had  to  make  two  responses,  and  since  the  threshold  was 
determined  by  the  seco-nd  response,  response  times  were  longer  in  this  test  than  in 
other  tests.  For  all  five  tests,  one  threshold  value  was  the  average  of  the  target  size 
(or  time)  reported  incorrectly  and  the  size  (or  time)  reported  correctly.  The  mean  of 
ten  Such  threshold  values  was  taken  as  the  test  threshold  (T)  score, 

RESPOKGE  'TIME  ANALVSIS 

In  typical  response  time  .ntudies,  anali  -  ,  is  performed  on  error-free  or  correct 
respunao  data  to  an  above-threshold  stimulus  of  constant  size,  intensity,  or  duration. 

Data  using  the  same  size  target  will  usually  remain  relatively  stable  across  trials, 
or  decrease  slightly  with  practice.  An  Incorrect  judgm*  it  can  be  confounded  by  many 
factors,  not  the  least  of  wliich  is  the  "guess"  response  required  in  the  forced-choice 
method  when  the  target  is  apparently  not  resolveu.  In  effect,  the  response  time  for 
such  a  "guess"  is  the  time  it  takes  to  not  recognize  a  target.  Since  one  cannot  assess 
whether  an  error  was  duo  to  perceptual,  cognTfTvc,  or  motor  processes,  the  factors 
contributing  to  response  time  are  difficult  to  identify. 

Uncon  founded  Response  Time 

At  the  beginning  of  each  visio.n  tost,  ten  practice  trials  were  given  with  target 
stimuli  that  were  easy  to  discriminate.  Target  sizes  v/crc  not  repeated.  Individual 
responses  in  these  early  trials  were  usually  correct,  so  the  associated  response  times 
Were  (irobably  not  confounded  greatly  by  changes  in  target  size  at  this  suprathreahoid 
level.  Familiarity  with  the  test  procedure  may  have  been  a  confounding  variable  (i.e., 
lesponse  time  may  have  boon  slow  for  subjects  who  had  not  yet  mastered  t)ie  task)  . 

To  obtain  unconfounded  response  time  data,  three  error-lrrie  practice  trials  were  selected 
for  each  test.  These  trials  involved  target  sizes  w)iich  every  subject  received  after 
some  practice,  and  which  were  still  well  above  the  eventual  threshold  level.  Since 
is'xijons.n  time  data  analysis  normally  requires  many  more  than  throe  trials  per  condition 
CO  obtain  accurate  means  and  indices  of  variability,  this  procedure  can  only  be  regarded 
as  a  rough  estimate  of  unconfounded  lesponse  Lime  (URl’)  for  each  test. 

Tlrr  ns  ho  Id-Ptresseil  Response  'irma 

Id  the  staircase  iisychophyslcal  procedure,  the  target  size  (or  presentation  time)  is 
decreased  until  the  tlireshold  level  la  reached  and  an  error  response  is  gi.xi,  The  nize 
in  then  increased  until  a  i-orrect  response  is  given.  In  this  ascending  sequence,  the 
sizea  of.  the  two  targets  (l.o.,  the  one  with  the  last  wrong  response  and  toe  one  with 
the  first  correct  response)  were  averaged  to  give  a  threshold  value.  Theiefore,  In  the 
stalrcauo  method,  error  trials  are  a  necessary  aspect  of  the  threshold  determination 
process . 


i 

i 

J 


L 


! 


.iy-3 


Measures  of  response  t.j.me  near  threshold,  obtained  using  this  procedure,  are 
confounded  both  by  changing  target  sijes  and  by  the  presence  cf  error  trials.  As  the 
visual  threshold  level  is  approached,  response  time  usually  increases.  Response  times 
associated  with  the  cotrect-responae  trials  involved  in  computing  a  subject's  threshold 
values  should  provide  a  more  reliable  response  time  measure  for  comparison  of  different 
subjects.  I’or  each  test,  we  Identified  the  (incorrec-t*correct)  trial  pa.iiB  used  to 
establish  the  subject's  threshold  score.  The  resjx>i’se  time  was  noted  for  the  trial 
in  each  pair  which  had  the  larger  target  and  correct  response.  This  was  the  time  if 
took  for  the  subject  to  respond  to  a  target  which  he  could  "just  see"  correctly.  The 
mean  of  these  10  response  time  values  was  calculated  and  called  the  threshold -3 tressed 
response  time  (SRT) . 

RoJovant  guest  ions  about  the  response  time  data  addressed  in  this  report  include: 

Do  URT  and  SRT  vary  with  test  complexity?  Are  UHT  and  SRT  values  consistent  across  teats? 
Are  URT  and  SRT  values  correlated  with  one  another?  Mow  is  response  time  related  to 
threshold  for  each  test?  Do  response  ti.iie  variables  enhance  the  ability  to  predict  air- 
to-air  visual  target  dotesotion  performance? 

PERPORMANCE  MEASURE 

The  air-to-air  visual  target  detection  performance  of  the  73  pilots  was  determined 
from  data  obtained  at  the  Tactical  Air  Combat  Training  System  (TACTS)  range  it  NAS  Oceana, 
VA .  The  pilots  were  from  seven  operational  squadrons  undergoing  arr  combat  maneuver 
(ACM)  training  at  the  TACTS  range.  During  ACM,  a  pilot  called  "TAil.Y  HO"  over  his  radio 
at  the  instant  he  sighted  an  adversary  (target)  aircraft.  Telemetry  data  indicated  the 
"slant  range"  at  this  instant.  Slant  range  is  the  distance  (in  Icllometers)  separating 
the  observer  and  target  aircraft,  inclusive  of  any  altitude  separation.  In  this  study,  a 
pilot's  aveiage  slant  i-ange  score,  based  or:  up  to  30  "TALLY  HO”  calls  during  ACM,  wah 
used  as  the  tieauure  of  hia  air-to-air  visual  target  detection  performance. 


RESULTS 


The  73  pilots  siglited  target  aircraft  at  an  average  slant  range  distance  of  8.78 
Irm  (std.  dev.  «  2.'^5;  range  ”  3.5  to  14.1).  TVo  pilot  suboroups  were  distinguished, 
ba.sed  on  the  whole  group's  average  slant  range  score  of  8.78  )tm.  The  "above-average" 
cubgroup  of  pilots  saw  target  aircraft  at  an  average  distance  greater  than  8.78  km, 
and  the  "below-avcrage"  subgroup  of  pilots  saw  target  aircraft  at  an  average  distance 
less  than  8.78  Km, 

Threshold  means  and  standard  deviations  for  visual  acuity  testa  increased  with 
.decreased  contrast  differonoe  and  with  the  addition  cf  glare  (see  Table  2),  The  mean 
value  of  .402  minutes  visual  angle  (mva)  (better  than  20/10  Snellen)  for  the  high 
contrast  acuity  test  demonstrates  the  excellent  vision  of  these  subjects.  In  all  five 
vision  tests,  the  mean  unconfounded  response  time  (URT)  was  lees  than  the  mean  threshold- 
stressed  response  time  (SRT)  across  all  pilots,  and  for  both  pilot  subgroups.  This 
difference  is  basically  attributable  to  differences  in  target  site.  The  URT'a  increased 
(became  slower)  as  task  complexity  increased  (see  Tables  1  and.  ?)  .  The  shortest  mean 
URT  Was  for  the  spot  detection  test  (two  choices,  one  judgment) ,  and  the  longest  mean 
URT  was  for  the  accommodative  flexibility  test  (four  choices,  two  judgments).  A  similar 
trend  held  for  the  SRT's.  For  all  five  tests,  the  mean  threshold  (T)  for  the  "above- 
average"  subgroup  iK  slightly  better  (smaller)  than  for  thb  "below-average"  subgroup. 
.Individual  t-tests  performed  on  all  threshold  (T)  ,  unconfounded  response  time  (URT)  , 
and  thuDhold-stressed  respon.ee  time  (SRT)  variables  inaicated  no  significant  differences 
(P  >.05)  between  the  "above-average"  ond  "below-rverage"  pilots. 

Analysis  of  rf..=ipouue  t.lme  inter-correl«t>.bns  permits  determination  of  the 
consistency  of  respionse  time  variables  across  subjects  and  across  tests  (Tables  3  and 
4).  Of  25  possible  inter-covrelai.ior.s  between  unconfounded  (URT)  and  threehold-stressed 
(SRT)  reapenae  times,  only  five  (20%)  were  significant  (P  <  ,05);  four  of  the  five 
correlations  were  for  URT  and  SRT  values  from  the  same  vision  test.  Thus,  19  of  the 
2C  cross-test  URT-.=fiT  correlations  were  not  significant,  indicating  poor  cross-test 
consistency  between  these  va.ris.blee.  While  unconfounded  response  time  (URT)  showed  better 
crose-tect  consistency  (605  of  the  URT-UFT  inter-correlations  were  significant,  at  P  <.05), 
threshold- stressed  response  time  (SRT)  showed  the  greatest  consistency  among  tests  (80% 
of  the  SRT-SRT  inter-correlations  were  significant,  all  at  P  -.OOS),  The  two  non¬ 
significant  SHT-.SRT  inter-coirelatlons  both  Involved  the  accommocotive  flexibility  test, 
w)iich  presented  subjects  with  the  most  complex  tas)?.  This  analysis  suggests  ttiat 
threshold-stressed  respoubc  time  (SRT)  has  the  greatest  cross-test  consistency,  and 
hence  t.h.it  SRT  might  be  the  more  useful  response  time  measure  for  predicting  pilot 
perforroanoG. 

For  all  73  pilots,  the  threshold  and  threshold-stressed  reaponos  time  for  the  high 
contrast  acjity  test  (ACIII-T,  fiCjiI-SRT)  were  the  only  vaiiablen  u.tgr.ificantly  correlated 
(P  ‘,05)  with  air-to-al.'  viauaJ  target  detection  performance,  as  measured  by  slant  range 
(Tables  1  and  5).  ACHI-T  was  negatively  correlated  (r  ■«  -.  250;  with  slant  range  (l.e., 
lower  threshold,  longer  slant  range  distance),  and  ACKI-sRT  was  positively  correlated 
(r  ■■  .226;  with  slar't  range  (i.e.,  longer  reoponpe  time,  longer  slant  range  distance). 
Interestingly,  ali  five  vision  test  thresholds  (T's)  were  negatively  oo,rrelated  with  their 
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ooinpanion  threshold-stressed  response  times  (SRT's),  with  four  of  the  five  correlations 
bein/-j  significant  at  (P  <  .05)  or  better.  (The  FLEX-T  versus  FLEX-SRT  correlation  was 
not  significant. )  ThuSt  pilots  with  better  (=  lower)  visual  threshold  scores  had 
slower  (=  longer)  response  times. 

Four  of  the  five  vision  test  thresholds  iT's)  and  ACHI-SRT,  were  significantly  cor¬ 
related  (P  <.05)  with  pilot  age,  and  all  but  one  of  these  variables  were  correlated 
significantly  with  flying  experience  (Table  5).  Older  pilots  had  higlu-r  thresholds 
on  all  five  vision  tests.  However,  neither  age  nor  flying  experience  were  significantly 
correlated  with  air-to-air  visvial  target  detection  performance,  as  measured  by  raw  slant 
range  data.  Also,  the  poorest  high-contrast  acuity  value  for  any  pilot  was  .72  mva 
(better  than  20/15  Snellen) ,  which  indicates  that  all  pilots  had  excellent  vision, 
regardless  of  age. 

Stepwise  multiple  regression  analysis  (Table  6)  revealed  that  response  time  variable.-; 
improved  the  abi lity  to  predict  air-to-air  visual  target  detection  performance,  as 
measured  by  .slant  range.  Regardless  of  whether  all. pilots  or  the  performance-defined 
pilot  subgroups  were  considered,  a  higher  adjusted  R-squared  value  was  obtained  when 
response  time  variables  were  made  available  for  entry  into  the  model,  than  when  they 
Were  not.  (The  adjusted  R-squared  value  compensates  for  inflation  in  R-squared  associated 
with  the  proportion  of  variables  entering  the  model,  to  the  number  of  observations) .  The 
ability  to  predict  performance  of  all  pllot.s  was  rather  low  (Adj .  R-squared  =  .12). 
However,  about  32%  of  the  variance  (Adj.  R-squared  -  .32)  in  performance  of  "above- 
average"  pilots  could  be  accounted  for  when  response  time  variables  were  available  for 
entry  into  the  model.  Furthermore,  for  "below-average"  pilots,  response  time  variables 
by  themselves  accounted  for  more  of  the  variance  in  performance  (Adj.  R-squared  =  .20) 
than  did  threshold  variables  by  themselves  (Adj.  R-squared  =  .06). 
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DISCUSSION 

In  all  tests,  threshold-stressed  response  time  (SRT)  was  slower  than  unconfoundad 
response  time  (URT)  due  to  the  difficulty  of  seeing  the  critical  target  characteristics 
near  visual  threshold  (.See  Table  2)  .  Threshold-stressed  response  tiroes  showed  better 
cross-test  consistency  than  unconfounded  response  times.  The  lower  cro.ss-test  consistency 
of  URT  values  could  be  due  to  greater  variation  in  this  measure  resulting  from  its  being 
a  mean  of  only  three  response  time  values  for  each  subject.  Also,  because  different 
subjects  liad  different  visual  threshold  levels,  the  degree  of  difficulty  involved  in 
seeing  the  three  target  sizes  used  to  obtain  URT  values  varied  among  subjects.  Tr.e 
factors  responsible  for  the  significant  positive  correlation  between  slant  range  and 
ACHI-SKT  (i.e.,  pilots  with  slower  response  time  scores  see  target  aircraft  at  longer 
distances)  are  unclear.  All  five  SRT  variables  were  positively  correlated  with  the 
subject's  slant  range,  and  negatively  correlated  with  their  companion  threshold  (T) 
variable.  Thus  the  positive  correlation  between  ACHI-SRT  and  slant  range  may  indicate 
only  an  indirect  relationship,  whose  existence  is  due  to  a  direct  negative  relationship 
between  ACHl-T  and  slant  range  (lower  threshold,  longer  slant  range).  It  is  difficult 
to  imagine  how  ACHI-SRT  could  have  a  direct  positive  relationship  with  slant  range. 

This  analysis  shows  that  inclusion  of  response  time  variables  along  wi( h  threshold 
variables  increases  the  ability  to  predict  air-to-air  visual  target  detection  performance. 
The  predictive  power  for  "above-average"  pilots  is  greater  than  for  "below-average" 
pilots,  but  it  is  not  clear  why  this  is  so.  "Above-average"  pilots  may  be  responding 
closer  to  their  neurosensory  limits  than  "below-average"  pilots. 

When  all  73  pilots  are  considered,  the  ability  to  predict  pertormance  from  these 
vision  test  results  alor.e  is  rather  low,  but  may  be  i.-proved  in  several  ways.  rirat, 
average  slant  range  is  a  crude  measure  of  performance.  Target  visibility  is  known  to 
be  influenced  by  many  factors,  such  as  target  angular  size,  angular  velocity,  contrast, 
cloud  conditions,  etc.  A  more  refined  performance  measure  incorporating  additional 
information  collected  at  each  sighting  should  yield  a  clearer  relationship  between 
performance  and  vision  test  results.  Analyses  are  now  being  conipleted  of  telemetry  data 
on  56  target  and  observer  aircraft  parameters  for  759  ACM  engagements  involving  Navy 
pilots.  Second,  incorporation  of  data  from  other  types  of  vision  tests  shou.ld  provide 
measures  of  task-relevant  aspects  of  visual  skill  not  treated  in  this  report.  The  VTB 
series  also  included  tests  of  lateral  movement  detection,  contrast  sensitivity,  dynamic 
visual  acuity,  and  dark  focus.  More  of  the  variance  in  slant  lange  is  accounted  for 
when  data  from  these  vision  tests  are  available  for  entry  into  a  multiple  regression 
model.  Finally,  introducing  a  more  accurate  measure  of  a  pilot's  unconfounded  response 
time  (URT)  may  improve  the  ability  to  predict  perforroanoi. 

It  seems  clear  that  a  more  8yBtemati<'  examination  of  response  time  as  a  predictor 
of  air-to-air  visual  target  detection  performance  is  warranted. 
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TABLE  1,  SUMMARY  OF  VISION  TEST  CONDITIONS 


Test 

Code 

Name 

Target 

Response 

Choices 

Number  of 
Judgments 

Spot  Detection,  high 
contrast 

"SPOT" 

Spot 

Yes,  No 

1 

Acuity,  high  contrast 

"ACHI" 

I,andolt  "C" 
ring 

Up ,  Down , 
Left 

Right, 

1 

Acuity,  low  contrast 

“ACLO” 

Landolt  "C" 
ring 

Up ,  Down , 
Left 

Right , 

1 

Acuity,  low  contrast, 
with  glare 

"GTAR" 

Landolt  “C" 
ring 

Up,  Down, 
Left 

Right , 

1 

Accommodativf  Flexibil¬ 
ity,  high  contrast,  £ar- 
to-near  distance 

"FLEX" 

Landolt  "C" 
ring  (at  far 
and  near) 

Up ,  Down , 
Left 

Right, 

2 

TABLE  2.  SUMMARY  STATISTICS  FOR  THRESHOLD  AND  RESPONSE  TIME  DATA 
FOR  73  NAVY  PIIXJTS  AND  TWO  PERFORMANCE-DKPTNF.P  SUBGROUPS 


VARIABLE 

ALL  PILOTS  (N  =  73) 

MEAN  STD.  DEV. 

ABOVE¬ 

PILOTS 

MEAN 

AVERAGE 
(N  =  35) 
STD.  DEV. 

BELOW 

PILOTS 

MEAN 

AVERAGE 
(N  =  38) 

STD.  DEV. 

SPOT  -  T 

.446 

.077 

.431 

.077 

.460 

.076 

“  URT 

496 

.164 

.497 

.  163 

.494 

.  166 

-  SRT 

1.068 

.  277 

1.094 

.290 

1.044 

.266 

ACHI  "  T 

.402 

.  073 

.388 

.054 

.416 

.080 

-  URT 

,884 

.241 

.898 

.263 

.871 

.221 

-  SRT 

X.400 

,  388 

1.449 

.357 

1.355 

.415 

SkChG  -  T 

,763 

,  151 

.  75V 

.133 

.769 

.  168 

-  URT 

.933 

.  315 

.940 

.323 

.926 

.311 

-  SRT 

1.672 

.  533 

1.734 

.539 

1.61.5 

.528 

GL.AR  -  T 

.982 

.244 

.965 

.228 

.997 

.260 

•  URT 

.842 

.  282 

.835 

.289 

.848 

.278 

-  SRT 

1.746 

.557 

1.753 

.453 

1.740 

-644 

FLEX  -  T 

.280 

.  094 

.265 

,047 

.234 

.121 

-  URT 

1.191 

.276 

1.175 

.  246 

1.206 

.303 

-  SRT 

1.499 

.427 

1.502 

.371 

1.496 

.477 

All  response  times  (I'RT,  SRT)  and  FLEX-T  in  seconds. 

All  other  thresholds  (SPOT-T.  ACHI-T,  ACLO-T/  GLAR-T)  in  minutes  of  visual  angle. 
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TABLE  3.  CORRELATION  MATRIX  FOR  RESPONSE  TIME  VARIABLES  AND  AIR-TO-AIR  TARGET 
DETECTION  PERFORM.ANCE  (SLANT  RANGE)  FOR  73  NAVX  PILOTS 


VARIABLE 

SPOT 

SPOT 

AC  HI 

ACHl 

ACLO 

ACLO 

GLAR 

GLAR 

FT, LX 

FLEX 

slant 

URT 

SRT 

URT 

SRT 

URT 

SRT 

URT 

SRT 

URT 

SRT 

RANGE 

SPOT-URT 

- 

it 

.279 

* 

.241 

.223 

.248* 

.211 

A  A 

.331 

.211 

.161 

.087 

-.028 

SPOT-SRT 

- 

- 

.132 

*  * 

.  333 

-.013 

** 

.473 

.036 

A  A 

.409 

.108 

.161 

..129 

ACHI-URT 

- 

- 

- 

*  it 

.408 

it  it  it 

•429  .276 

.102 

.087  - 

.011 

.002 

.076 

ACHI-SRT 

- 

- 

- 

- 

.205 

.684  • 

-,039 

A* 

.  361  - 

■.021 

.182 

A 

.226 

ACLO-URT 

- 

- 

- 

- 

- 

it 

.247 

A  A 

.336 

-.060 

.048  ' 

-.  022 

.029 

ACLO-SRT 

- 

- 

- 

- 

- 

- 

.124 

A  n 

.463 

.109 

A  A 

.354 

.171 

glar-urt 

- 

- 

- 

- 

- 

- 

- 

.101 

A  A 

.333 

.043 

.  020 

GLAR-SRT 

- 

- 

- 

- 

- 

- 

.  200 

A  A 

.392 

.015 

FLEX-URT 

- 

- 

- 

- 

- 

- 

- 

- 

- 

A  A 

.479 

.  083 

FLEX-SRT 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.128 

SLANT  RANGE 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

*  =  P  <.05 
**=?<. 005 


TABLE  4.  SUMMARY  OF  RESPONSE  TIME  INTER-CORRELATIONS  IN  TABLE  3. 


types  of 

RESPONSE  TIME  VARIABLES  COMPARED 

URT-URT 

URT- SRT 

SRT-SRT 

NuriJ>C:i  of  Coi  l  old  L iOl'iS  NOL 

Siqnif leant,  P  >.05 

4 

20 

2 

Numbor  of  Correlations 
Significant,  P  <.05 

6 

5 

8 

Total  Number  of  Correlations 

10 

25 

10 

Percent  of  Correlations 
Significant,  P  <,05 

60% 

20% 

00% 
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TABLE  5.  CORRELATION  MATRIX  FOR  THRESHOLD  AND  THRESHOLD-STRESSED  RESPONSE  TIME  VARIABLES, 
PERFORMANCE  (SLANT  RANGE),  AGE,  AND  EXPERIENCE  (TOTAL  FLYING  HOURS) 

FOR  73  NAVY  PILOTS 


VARIABLE 

SPOT 

T 

SPOT 

SRT 

ACHI 

T 

ACHI 

SRT 

ACLO 

'T 

ACLO  GLAR 
SRT  T 

GLAR 

SRT 

FLEX 

T 

FLEX 

SRT 

SLANT 

RANGE 

AGE 

EXPERI¬ 

ENCE 

* 

** 

** 

A 

Si’OT-T 

- 

-.225 

.523 

-.077 

** 

.506 

-.013  .509 

-.110 

** 

.140 

-.031 

-.177 

.275 

.194 

SPOT-SRT 

- 

-.022 

.333 

** 

.021 

** 

,473  -.143 

*fk 

.409 

-.088 

A 

.161 

.129 

A 

-.13? 

-.126 

aghi-t 

- 

- 

- 

-,39a 

.670 

-.124  .387 

**  * 

-.083 

tit 

.247 

A 

-.189 

-.250 

A 

.210 

A 

.212 

A 

ACHI'SRT 

- 

- 

-.335 

.684  -.233 

*  A# 

.361 

-.247 

.182 

.226 

-.295 

A 

-.307 

A 

ACLO-T 

- 

“ 

- 

-.241  .706 

-.217 

.117 

-.195 

AA 

-.016 

.291 

.277 

ACLO-SRV 

- 

- 

- 

*- 

-.076 

,463 

A 

-.156 

.354 

.171 

-.144  -.189 

AA  AA 

GLAR-T 

- 

- 

- 

-.319 

.174 

-.155 

AA 

.043 

.383 

.334 

GLAR-SRT 

“ 

- 

- 

- 

- 

.021 

.392 

.015 

-.128  -.098 

AA  A 

flex-t 

- 

“ 

- 

' 

“ 

-.032 

-.074 

.449 

.311 

FLEX-^KT 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.128 

-.025 

.025 

SLANT 

RANGE 

- 

*■ 

“  - 

- 

- 

- 

.058 

.037 

AA 

AGE 

- 

- 

- 

*■ 

*• 

* 

- 

- 

- 

- 

- 

.819 

EXPERI- 

ENCE 

“ 

“  ** 

- 

- 

- 

- 

- 

- 

*  -  r  <.05 
**  •  P  ••■.005 


TABLE  6.  VISION  TEST  VARIABLES  ENTERING  PREDICTIVP.  MODEL  OF  PERFORMANCE  (SLANT 
RANGE),  FOR  DIFFERENT  COMBINATIONS  OF  SUBJECTS  AND  VARIABLES. 


SUBJECT  GROUP 

TYPES  OF  VISION  VARIABLES  AVAILABLE  FOR  ENTRY 

THRESHOLDS  ONLY 

THRESHOLDS  AND 

RESPONSE  TIMES 

RESPONSE 

TIMES  ONLY 

All  Pilots 

ACHT-T 

ACHI-T 

ACHI -SRT 

(a  =  73) 

ACLO-T 

ACLO-T 

ACLO-SRT 

Adj.  R  =.04 

Adj.  H  =.0B 

SPOT-T 

Adj.  R^=.12 

Above-Average 

FLEX-T 

ACHI-SRT 

ACHI-SRT 

Pi  lots 

GLAR-T 

GLAR-T 

GLAR-SRT 

(n  =  35) 

ACHI-T 

KI.EX-T 

n 

SPOT-T 

Adj .  R  =.13 

Adj.  R  =.17 

7 

Adj.  R  =.32 

Be low-Averagn 

FT.KX-T 

FLE.X-'JRT 

TLICX-URT 

Pi  lota 

Adj.  R^==.U6 

6POT-URT 

Si^OT-UHT 

(.-.  =  38) 

Adj.  R^=.20 

Adj.  H^= 

P  <.15  for  entry  and  retention  in  the  model. 

Variableo  are  listed  in  ordo.L  of  entry  for  each  model. 
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niSrUSSION  of  session’  iv  -  MEnirAT.  SRI.I-OTION:  VISION  ASi’CrTS 

( Papers  3S,  3b,  37,  38  aiid  39) 

r)i{  zwicK  (US) 

I  hnve  n  qiinstinn  for  Dr  Santuoci.  Wlirn  Oinsbiipp  Uid  his  oontrnst  sensitivity  tests  he  nlso  rfln  some  tests 
eorrelfiting  contrnst  sensitivity  with  pcrformnriec  in  fightep  nirernft.  Have  y—.i  piin  simiinr  tcsts/ecrrelations? 

AUTHOR'S  HRPt.V  (MF.I.l  KN  CHEF  SANTUCCI  (FT?)) 

No,  we  have  not  undertaken  tests  of  the  kind  which  Pr  nit.snerg  performed. 

UR  SALLAVANTI  (US) 


I'm  from  the  Centex  Corporation,  US.  !  have  a  question  for  Dr  R/ennan.  You  showed  a  slide  of  a  hasted 
visor  and  in  earlier  remarks  you  indicated  thnt  you  had  seen  or  been  aware  of  small  cracks  or  fis.siire  like 
deficiencies  whioh  you  felt  were  associated  with  bntlistic  fractures  in  visors.  Would  you  care  to  comment  on 
that  please? 

AUTHOR'S  RF.Pl.V  (UR  BRENNAN  (UK)) 

Yes,  our  visors  arc  currently  uncoated  because  of  this  problem.  When  they  are  liard  eonted,  breaks  can 
propagate  from  small  fractures.  I'd  be  very  interested  to  hear  yonr  views  on  what  .sort  of  ooating  .should  be 
used  or  if  its  possible  to  change  the  polycarbonate  .substrate  in  nny  way  to  prevent  this  propugation. 

DR  SAELAVANTI  (US) 


It  has  been  known  for  some  time  that  coating  polycarbonate  (which  is  not  a  compound  but  a  mixture,  nnci 
being  polymeric  can  be  compounded  in  n  number  of  way.s)  affects  its  ilUimatc  ballistic  properties.  When  one 
coats  polycarbonate  with  a  silicone  cording,  on  acrylic  coating  or  a  nrcthano  coating  that  is  either  thernialiy, 
ultra  violet  or  electron  beam  cured  you  cause  alterations  thnt  exacerbate  some  of  the  stresses  thnt  arc  duo 
tv  injection  moulding.  II  is  often  along  these  lines  llial  ballistic  fractures  occur.  1  would  suggest  thnt  you 
should  look  at  .some  of  the  newer  coatings  which  arc  not  silicone  derivatives.  These  coatings  arc  more 
flexible,  they  lend  abrasion  resistance  to  the  polyoarbon.nt.t,  and  they  do  not  cause  the  degradation  associated 
with  silicone  conts,  fhe  degradation  in  b.aliistic  p;’opertie.s  with  h.ard  sili.e.one  co.atings  c.an  be  .as  niuoh  ns  ir.bv 
or  2(1%  wliieti  still  places  Uie  coated  polycarbonate  well  above  optical  ro.sins  such  as  (t’KSH.  However,  a  more 
flexible  coating  produce.s  virtually  no  degradation  in  ballistic  properties. 

AUTHOR’S  RF.PI.Y  (DR  BRENNAN  (UK)) 


I  take  the  point  but  does  the  more  flexible  coating  you  arc  suggesting  provitie  good  resistance  against 
abrasion  and  ca  i  you  assure  one  tliai  it  has  no  effect,  for  example,  on  the  amp'i.it  of  inherent  tinge  in  the 
material?  And  thirdly,  using  anotlier  approach,  can  you  in  nny  way  change  the  .suostrnte  to  prevent  fracturing 
occurring  with  the  harder  coats? 

DR  SAELAVANTI  (US) 


Well,  to  answer  the  .second  part  first.  Yes  one  can  change  the  substrate  within  polyenrbonntc.  There  is  a 
number  of  commercially  available  high  performance  rosins  thnt  ensure  optimal  bailistic  performance  in  the 
coated  state.  In  terms  of  the  softer  coating,  we  have  not  experienced  any  haze  problomi  over  a  2  year 
period  of  use  -  the  US  MIL  spec  st'jndr.rds  .".re  ariequ.ntely  met.  Our  te.sts  f.or  abrasion  tend  to  he 
quantitative  in  terms  of  judging  what  the  ha/.c  after  a  test  is  done.  Some  of  these  tests  are  passed  by  the 
more  flexible  coatings  and  seme  are  not;  the  more  rigorous  ones  will  not  be  met. 

LT  COL  r.RAY  (CA) 


I  tiavc  a  question  for  Dr  Brennan.  I  was  intrigued  by  your  suggestion  thnt  we  eliminate  pilot  candidates  with 
any  degree  of  rryopia  whatsoever  and  only  allov;  people  who  are  nmetropic  nr  slightly  hypermetropic  into  pilot 
training.  I  wonder  if  you  have  any  idea  what  percentage  of  RAF  candidates  that  miglit  eliminate?  I  know  in 
our  system  in  people  who  have  already  been  screened  at  a  basic  recruiting  centre  level  we  would  still 

protmbly  find  25-30%  who  are  slightly  rnvopie.  The  corollary  to  that  question  i.s  I  v/ondcr  what  evidence  yon 
would  be  able  to  put  forth  to  justify  eliminating  all  myepics?  One  of  the  problems  we  encounter  now,  and  I'm 
net  sure  what  other  countries  are  having  the  same  problem,  is  justifying  our  present  standards  in  the  face  of 
our  new  hiinian  rights  legislation.  Candidates  are  asking  more  and  more  wiint  evidence  we  have  to  justify  any 
sort  of  standards,  including  our  visual  ntnndards. 

AUTHOR', S  RF.PI.Y  (DR  BRENNAN  (UK)) 

In  response  to  your  first  question,  1  cannot  give  you  figures  on  the  proportion  of  candidates  wtio  would  be 

excluded.  1  imagine  these  figures  could  ne  ohtained  but  I  cannot  give  them  to  vou  nt  the  moment.  I  enn  tell 

you,  however,  that  currently  15%  of  our  aircrew  wear  spectacles  -  mind  yon  a  fair  percentage  of  thnt  15%. 

.arc  presbyopes.  So  I'm  not  sure  of  the  proportion  who  are  myopes  but  it  would  not  be  that  large,  fn  ansvrer 

to  your  second  qiinsHon,  the  reason  I  would  wish  to  exclude  myopes  is  that  myopia  cnii  be,  in  young  men, 
progressive.  If  we  admit  somebody  with  a  quarter  of  a  dioptre  of  myopia  which  produces  minimnl  visual 

degradation  it  may  well  be  that  within  2  or  3  years  time,  vd.cn  he  has  been  through  pilot  training  nt  vast 

expense,  he  will  have  to  wear  spcitaclcs.  As  I  pointed  out  in  mv  paptrr,  it  is  then  yet  one  more 

embarrassment  to  the  pilot.  His  visual  task  is  difficult  enough  without  asking  him  to  wenr  spectacles  ns  well. 
As  regards  human  rights,  I  won't  make  any  comments! 
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t’OI,  PRICE  (US) 

Just  to  oonfirm  what  Dr  Brennan  anid.  We  did  a  survey  where  vie  looked  at  the  ametropes  who  name  into 
Army  aviation  to  see  what  happened  to  them  over  a  10  year  period.  Seven  percent  of  the  physiolopically 
ametropes  developed  myopia  requiring  eorreotion.  I  think  that  finding  is  pretty  consistent  with  other  studies 
which  have  been  done.  Our  study  showed  that  if  you  cut  off  selection  at  absolutely  no  myopia,  or  insisted  on 
a  small  amount  of  hyperopia  you  could  reduce  the  proportion  requiring  spectacles  to  abe.r..  1%,  or  1-2%,  If  on 
the  other  hand  you  ncccpt  people  who  arc  a  quarter  dioptre  myofios  hut  physiologically  don't  require 
correction,  they  ere  most  likely  to  go  on  to  develop  myopia  requiring  correction. 

nu  LANDOLT  (CA) 

Dr  Wolfe,  to  what  extent  are  you  asing  otolithic  function  t.nsts  in  voiir  protocol  beenuse  this  is  becoming 
important  not  just  for  ttie  high  fl  effects  but  al.so  heenu.se  of  the  direct  decoupling  manoeuvring  modes? 

AUTHOR'S  REPI.y  (DR  WOLFE  (OS)) 

Yes,  1  agree  that  otolith  funotion  testing  is  important.  We  are  not  doi -i;  ',iy  posturegraphy.  Dr  Lou  Naste"- 

on  the  West  Coast  has  developed  looking  at  the  pha.se  gain  p.aramotc  'f  a  person  standing  in  both  a  visual 
environment  and  non  visual  environment.  They  .seem  to  be  very  sensitive  tests  of  otolith  funotion.  VVe  bauf. 
not  employed  these  tests  at  URAF  SAM  mainly  beeausc  of  lack  of  effort.  We  have  been  generating  and 
developing  rotational  tests  and  tracking  tests.  We  should  consider  I  suggest  bow  many  of  these  tests  can  you 
meaningfully  do  on  a  normal  individual.  Early  in  the  astronaut  programme  the  candidates  underwent  weeks  and 
vmeks  of  testing.  Tho  Aernspaoe  Medical  Panel,  which  has  the  appropriate  experts,  could  set  up  a  programaie 
to  look  at  the  testing  of  canal  and  otolith  function.  Postureography  is  a  valuable  technique  which  I  !>clleve  is 
not  being  used  clinically  in  any  the  military  hospital  or  laboratory.  On  the  other  hand  the  rotntion.nl  testing 
and  tracking  testing  which  we  have  developed  at  the  Rehoei  have  been  implemented  in  about  40  medical 

centres  around  the  world.  Rrooks  Air  Force  Bnsc  and  Wilford  Hall  Hospital  are  the  only  two  military 
installations  in  the  whole  world  that  are  evahmting  their  patients  using  these  tests.  Its  the  contrast 
sensilivity/Snellcn  (bhart  kind  of  problem.  The  eld  time  otolaryngologist  thinks  that  there  is  nothing  better 

than  a  good  calorie.  As  we  kiiow  you  can  have  nortnal  calorics  and  abnormal  rotational  tests  and  voii  can 
have  normal  rotational  tests  and  an  abnormal  caloric  tost.  .So  ideally  you  should  perform  both  of  the.se  tests 
but  it  would  require  4-6  hours  to  evaluate  one  patient.  I  think  that  if  you  had  to  do  one  test,  your  point  is 
well  taken.  With  high  performance  pilots  you  .shou'd  perform  sophisticated  otolith  testing,  idy  main  point  would 
be  "Is  there  a  correlation  between  the  overall  oculomotor  function  and  performnnee  in  a  combat  environment 
situation  -  Is  your  ability  to  perceive  ttie  IlUn  and  all  the.sc  other  thing.s  that  are  going  on  related  to  both 
your  canals  and  the  oculomotor  system?"  In  the  case  of  the  otolith  test  I  think  you  are  looking  more  at 

damage  and  what  is  the  sudden  r.  doing.  Twenty  years  ago  we  did  a  study  on  the  centrifiine.  We  found  that 

with  only  3  G  exposure,  some  of  the  subjects  had  positional  nystagmus  tor  a  week  following  the  exposure. 
This  suggested  that  exposure  to  (■  may  v/cll  be  doing  .some  damage.  I  think  a  epitical  question  in  the  nnsc  of 
aircrew  is,  at  what  point  is  the  flight  environment  inducing  some  pathology  in  these  people  who  are 

frequently  disorientated.  Now  how  much  of  that  is  due  to  end-organ  dysfunction?  I  agree  with  you,  I  think 

otolith  tests  should  be  looked  at. 

AIR  CDRR  ERNSTINO  (UK) 

i 

Has  the  United  States  Air  Force  introduced  contrast  sensitivity  testing  into  its  aircrew  selection  procedures? 
COL  GIBBONS  (US) 

At  present  it  isn't  a  standard  test.  It  is  being  evaluat'd  by  the  optithalirology  branch  at  tlie  Sebopl  of 

Aerospace  Medicine  to  determine  if  it  should  he  included. 

COL  PRICE  (US) 

Has  anyone  introJuced  contrast  sensitivity  for,  or  at  tiie  ti.me  of,  selection  even  for  maintaining  a  datu  base? 
LT  COL  GRAY  (CA) 

We  are  in  the  mid.sl  of  t". aluating  contrast  sensitivity  in  terms  of  a  data  ha.se.  We  are,  however,  not  using  it 
for  selection.  We  want  to  build  up  a  data  base  of  norninl's.  We  oprlainly  Intend  to  introduce  it  later  V.e 
have  used  it  in  the  few  examples  I  showed  this  morning  for  detecting  indivirinnls  who  otherwise  would  have 
slipijed  through  the  system  -  the  young  chap  wh'i  had  opt|.r  neuritis  and  the  other  chap  who  had  been  '.renied 
by  orthokarotology.  In  these  tv/o  cases  it  'va,s  u.scd  for  selcofion  but  only  beenuse  it  unriereoyrred  an 

underlying  condition. 

DR  FARR  (US) 

A  question  for  I>r  Cray  foll'twing  up  tlie  eonver.satinn  this  morning.  You  stopped  short  of  identifying  a 

criterion  that  might  be  used  for  ewitrasl  sensitivity  standards.  From  your  slides  I  Inferrod  that  the  criterion 
might  be  something  like  the  inT./Sluy,  limits  of  normal  stnndnrd.s.  I.s  that  what  you  had  in  mind  and,  if  so, 

what  kind  of  data  su.opcirt  that  criterion? 

LT  COL  ORAY  (CA) 

At  this  point  those  limits  are  certainly  not  Intended  to  be  our  selecllon  critor'a.  They  were  only  to  Indicate 

the  range  of  scatter  of  the  data  we  have  coMccted  so  far.  Before  those  kind  o'  limit  are  introduced  as  a 
.screening  or  scleetion  criterion  they  will  have  to  lie  correlated  with  other  variables  s'Jch  as  target  deteelion 
or  success  In  pilot  training.  Certainly  from  our  human  rights  ixiint  of  view  we  would  not  be  able  to  introduce 
an  arbitrary  test  without  any  xort  of  correlation  with  performanec  data. 
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Dk  T3RHNNAN  (UK) 

Su  roalW  you  aro  ronsidorln^  eonstrast  sensitivity  testing?  as  n  net  to  catch  pntholo^ty  which  miffiil  otherwise 
)uive  esonped  .ietoction? 

UT  COT.  ORAY  (CA) 

Weil  fit  this  ^K)inl  that's  inw  it  lins  t>een  useful  to  us.  What  wc  are  really  clolnf;  is  builc'inp  up  n  'iatR  hose 
of  normal  nitorew  enrvlidates  who  are  eominiT  through  the  r'entpal  Me<Jiea!  nonrrj.  Wc  will  eompare  our  rlatn 
l>asc  wifii  the  few  other  population  studies  that  have  been  done.  With  the  intention,  after  wo  have  fK'rformed 
studios  ccarnlnting  it  wita  perforn  ai.ee  variables,  of  introducing  it  as  e  scrceninp:  test.  Right  now  the  value  it 
has  been  to  us  is  os  a  not  to  catch  those  few  eandkiates  who  had  undiscovered  eye  pathology. 

DK  BHKNNAN  (UK) 

Aff  vou  postulating  that  in  the  future  that  you  will  v.‘ir.b  to  use  it  to  delennine  those  aircrew  wlio  could 

only  perform  well  under  high  contrast  conditions?  Would  you  use  it  to  select  aircrew  on  that  basis?  Is  that 
your  uUiinote  Intantion? 

M  COU  GUAY  (CA) 

Yes  it  if.  Wc  are.  c*.-.’'tainly  intending  to  use  it  that  way  and  also  to  help  sort  out  candidates  who  arc 

borderline.  At  you  know,  the  error  in  pcrfornrdng  a  oycloplegic  refraction  to  detect  somebody  who  is  ametropic 
is  at  icnst  a  quarter  of  a  dioptre,  Suppose  we  have  a  candidate  who  has  been  examined  by  tv;o  different 
ophthalrnologivt-s  who  huve  found  o  qiiarle;-  and  one  half  dioptre  amolropia  respectively.  If  v’C  have  a  standard 
oi  0  quiuGcr  diopt,o  do  v/c  Hcccpl  or  roic<'..  hiin?  Another  way  of  looking  fit  his  visual  function  such  as 
cof»tr''Ot  rrensitivity  might  give  us  unothor  faeUr  ip  the  equation  to  decide  whether  he  is  acceptable  or  not. 

DR  RRENN'AN  (Ult) 

I  rather  doubt  ‘.vhethcr  it  would!  I  v^ould  think  the  fact  whether  he  has  a  quarter  of  a  dioptre  or  a  half  of 
,y  dioptre  ametropia  might  affect  the  highest  spatial  '.Vcquenoies  of  the  eonstrast  sensitivity  lest  which  is 
monitoring  precisely  wli>=.t  tlie  Snellen  do^s. 

iVl  (.:OL  GRAY  (CA) 

Well,  we  have  locked  a*  Uie  correlation  helv/eon  oup  cycloplcgi?  refractor  and  the  contrast  sensitivities  at  all 
the  snatia!  tVedueneies  from  1  to  24  cycles  dcp  decree.  There  we.s  no  correlation  between  spherical  equivalent 

ond  cyclopDgic  refractor  in  the  pilot  candidates  who  arc  nil  fairly  normal  sighted  and  who  have  only  a  smaR 

error  becausy  those  with  larger  errors  have  already  been  scrccfiod  out.  In  individuals  with  refraotivc  errors 
between  plus  one  dioptre  and  minus  tialf  a  dioptre  there  was  no  correlation  even  at  24  cyclei?  per  degree 
between  the  sor-.trast  sensRivity  and  thtu  refractive  state. 

on  miT-IWMAW  (UK) 

Do  you  Reform  cycloplegic  refractions  as  a  routine?  Do  vou  think  this  test  on  whut  is  essentially  an  abnormal 
eye,  as  the  shnpe  of  the  Ions  js  chang^^d  under  cycloplt-iciu  and  thi  \jupil  is  dilated  yon  are  getting  spherical 
crror>;  from  the  lens  periphery?  You  have  got  to  do  n  post  myf’riatic  test  e'/en  if  you  do  a  cydoplegic 
reaction.  Do  you  really  think  it  worthwhile? 

DT  COL  OKAY  (CA) 

Well,  Vm  not  an  opmihnlmologist,  I'm  an  iniernisl.  All  I  con  say  is  that  yet  wn  oerforni  eycloplegic  pcfraetion 
on  evrpyono.  I  ihink  almost  everybody  cioes.  Our  standards  are  minus  a  aunfier  dioutre  of  mvopin  or  spherical 
equivalent.  I  think  its  something  that  you  have  to  do  but  that  it  is  n  mistake  to  use  it  as  the  only  standard. 
It  is  one  part  of  the  overall  examination. 

DR  n::KN.iAr4 

1  (fon't  know  what  other  countries  do  but  we  certainly  don't  use  it! 
or.  ALNAILS  (NO) 

A  ()nestion  to  Dr  S^.-  ducci.  I  understand  the  SncJlen  ctrjrt  is  in  a  v/av  the  same  as  the  high  frequyriev,  high 
contrast  purt  of  the  contrast  screen.  'Hic  fact  that  mvopes  do  not  resolve;  the  blue  colour  os  ametropes  Oo  - 
vm.s  this  even  in  the  corrected  rnycpic  eye’r  Is  it  something  that  persists  cv^;/;  after  spectacle  correction? 

AUTHOR'S  HKPJ.V  (iVUG)  KN  GifKF  SANTUCCi  (Fit?) 

'I'he  ottornJHtion  In  the  high  sontinl  frequencies  does  disappear  v/tum  tfic  rnyopjn  is  corrected.  Mention  is  made 
of  contiSKt  sen'jilivlly,  I  cons/dor  tho*.  contrast  wmsitivltv  should  be  studied  under  dyramic  conditions  as  wdl 
as  static  conditions  before  it  is  adopted  as  a  new  tost.  In  our  research  nrogramrnf  we  are  collecting  a  bank 
of  driL'i  which  will  r'llow  ur.  fo  rstr-blish  the  eontrarjt  ."Cnallivlty  curve  under  c’vn.'.mic  conditions  with  the 
grating  beirig  shifted  over  to  th.-i  rigtit  or  to  the  left  at  different  /elocitjcr-  Obviously  this  test  will 
complicate  the  exu'Tiination  t’Ut  of  coiirse  tli**  foak  of  the  pilot  is  to  detect  targets  in  motion  and  not  in 
static  conditions,  (^ontriu't  sensitivity  proper  is  very  Interesting  but  Ixiforn  it  is  adiVptcd  a  test  wc  should 
explore  this  tochn/QUO  further.  !>uck  of  sensitivity  to  contrnit  during  rnoiion  nf  th;  target  is  also  of  interest. 

DP.  DKKNNAN  (UK) 

A.e  you  intending  then  to  use  drifting  f;T/itirig.s  with  tticm  drifting  r.t  different  speed.^? 
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AUTHOR'S  REPIiY  (ME'5  EN  CHEF  SANTUGCI  iFR)) 

Abaolutelj.  We  de  intend  to  use  these  type  of  gratinKS. 
cor,  PRiCE  (US) 

Dr  Monaco,  I  was  wondering  about  tlw  lateral  movement  which  was  correlated  with,  I  believe,  u  faster 
response  time  in  r„np  group  of  your  pilots.  Would  you  explain  just  vjhat  you  mean  by  lateral  movement  and 
how  you  think  that  particular  function  is  helping  the  pilot?  I  believe  you  said  lateral  movement  to  the  right 
PS  you  presented  it  but  when  t  read  this  1  believe  it  said  to  the  left. 

AUTHOR'S  UKPI.Y  (CDR  MOt.'ACO  (US)) 

Our  lateral  movement  test  involves  the  movement  of  a ,  fixed  sixe  spot,  the  angular  subtend  of  that  spot  at  P 
moire  distoiioo  is  approximately  equivalcat  to  a  30/4(1  letter.  Tlie  way  we  measure  lateral  movement  is  the 
suhjet't's  response  to  the.  movement  of  that  rp>nt.  He  has  to  determine  whether  the  .spot  is  moving  to  the  left 
or  '.o  the  right.  So  he  has  a  ehoieo  e.f  cith«.r  direction.  TYius  in  this  test  v;e  measure  the  th''e.»ho]d  sensitivity 

to  lateral  movement  to  the  left  or  right  of  c  .sjvjt  target  lioth  in  the  left  and  right  direction  simultaneously, 

'flic  issue  of  son.sitivity  of  movement  of  a  target  to  the  left  or  right  epn  go  In  cither  direction.  We  can 

justify  a  per*'  i  being  more  sensitive  to  a  target  that  appears  to  move  in  a  left  to  right  direction  because 
most  of  us,  at  least  in  the  United  States,  are  used  to  reading  from  left  to  right.  An  argument  against  that, 
or  if  the  target  nioves  from  riglit  to  left,  would  be  that  because  we  are  used  to  seeing  objects  move  iroir 
left  to  right  when  sometlimg  moves  from  right  to  left  we  notice  It  more  readily.  That  is  tfc  way  that  the 
diita  fall  out;  sometimes  it  goes  left  to  right  sometimes  it  goes  right  to  left.  We  are  Infrodiieing  modifications 
in  our  second  series  of  tests  which  we  hope  wnl  provide  u.s  with  a"  answer  to  this  question. 

GOl,  Ol.RBONS  (US) 

When  you  reviewed  the  variables  you  indicated  tliat  target  imngc  .sixe  and  low  eontia.st  acuity  were  variables 
thut  eoutributed  to  detection,  floth  of  those  rrpeot,  If  you  u.s.r  Snellen  acuity  to  measure  them,  the  v'sual 
angle  or  resolving  power  of  the  eye.  If  this  is  the  ease  then  when  w.;  look  at  eontrast  scn.titlvlty  eurves 
could  we  not  be  getting  the  same  thing  if  we  use  a  contrast  testing  technique  with  a  Snellen  acuity  target 
ns  opposed  to  the  contrast  seiisitivity  leehi.ique  with  the  grading  bars  that  they  use? 

AUTHOR'S  REPUY  (CDR  MONACO  (US.') 

Yes,  I  think  the*  that  is  true.  We  can  relate  that  .same  idea  to  mcasuremunfs  of  djmamic  vi.sual  acuity  for 
cxairplo.  It  has  been  siiggested  that  in.'.tent'  of  using  Unndolt  Cs  or  (drr.Wing  Es  that  bars  of  varying  tpatinl 
frequency  coi.  be  used  to  do  the  aam;  thing.  )  think  that  the  unique  c'lnraeter  of  c.ir  iargett  Is  what  has 

allowed  u.s  to  ferret  out  the  distirctitn  between  low  eentra.st  acuity  and  higii  contrast  acuity.  1  don't  think 
that  we  would  have  been  so  successful  if  t/e  didn't  have  finely  ungincered  projection  targats  and  tl.n  very 
high  quality  control  of  tlio.sa  targets,  iiut  ye.s  I  think  its  very  possible  to  relatj  contrart  sepsjtivity  in  term.s 
of  s,Tat(al  frequencies  to  varying  widt'is  of  the  gap  on  I.Andoll  Gs.  It  is  somethicy  that  w<  hooe  vm  win  be 
iiblv  to  uuiTfialc  with  our  contrast  sensitivity  data  when  we  have  an  ydoquutc  .sample  size.  Ttie  tc.st  ttial  we 

are  iisiiig  is  very  similar  to  the  one  that  Rr  flrny  dc-scclbed  in  hU  paper. 

f  i  ■  - 

V.'EI)  EK  CHEF  SANTUCCI  (I’R)  ■  '  '  ■ 

First  of  all  I  wish  to  congratulate  Dr  Monaco  for  this  excellent  work.  In  oartlmilar  I  think  that  the  re  xinse 

time  is  an  important  measure  because  vou  can  eharactcrisr  the  pilot  wJth  that  test.  This  study  s  the 

neginninf,  of  what  we  eon  call  an  integiatcd  te.st,  taking  accont  of  a.nd  catcgon.si'ig  not  f)n  v  the 

perffs'iiianoc  of  the  vis  a!  sensor  but  also  the  dati  ppoccssl'ig  and  the  decision  taking  processe.t,  I  you 
cnvissgi  crenting  new  tests  with  different  tatergorias  r.f  colour  simulation?  In  that  ca.sp  would  you  etiv'sage 

rncasnrini!  either  the  mar  inl  respensc  or  the  verbal  re.sponse,  using  the  vocal  orminand,  o'  orairne,  whis  i  is 
going  to  be  used  more  and  more  In  combat  aircraft. 

VUniOR'S  REPi.Y  (CDR  MONACfJ  (UH)>  ' 

(Initial  portion  of  reply  not  recorded)  , 

I  think  that  the  tsenefit  of  being  in  the  operational  envlrormcnt  and  tcstli'g  these  p<-.,ple  on  'iitf  is  that  ynii 

hav.-’  ibo  oppurtunity  to  learn  moro  about  what  they  do  whiili  I  think  i.s  ubsoiutclv  css'cnt.rl.  You  have  t>e 

nbie  In  tslk  their  language  anf'  you  have  to  be  ah.'e  to  IraiislatE  what  they  are  sayt.ng  liiio  meaningful 

relntio; ships  that  they  cor  "nritr, stand  and  u.m:.  ' 

.i)R  AI.NAES  (NO)  ' 

Dr  Monaco,  I  was  interested  In  the  very  high  visual  acuity  means  tliat  the.se  people  .’  ad.  Tlon't  yon  have  anv 
sub  popiil.'ilion  of  spectacle  wearers?  Somebody  further  down  on  (he  range  that  you  eould  le.st  and  curtipare 
i/ith  these  people  who  fly  so  magnlfiecnliy? 

AUTHCIR'S  REPI,’.'  (CDR  MONACO  Ojr,)) 

Yer  we  do  have  data  from  si>ectai.-le  wparorii  but  noi  i,i  the  study  t  reported  in  rnv  paper.  In  order  to  get 

the  test  battery  ready  for  use  at  titc  range  we  hed  to  test  large  groups  of  people.  We  have  data  from 

nearly  2<I0  subjects  who  varied  not  only  in  visual  acuity  capabilities  but  also  in  terms  of  amplitude  of 
accommodation.  The  population  of  pcnpla  that  wt  used  in  our  latioratory  te.it  had  ages  ranging  from  30  to,  1 

think,  ftopro-ximatclv  70  years  of  sgr.  So  yes,  wC  do  have  th,ni  d.nta. 
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COLONHE  VeKTEBRlLE  i  SIXECTIOH  LT  iPT4l'UUE  i)ES 
PIIOTSE  DUTloM  DE  C0I1B1T  uV  yUTOH 

/.].  METGES*,  J.  FUGB1T«»,  H.  ATJyFRET***,  R.P.  uBl4lHAXE»»»» 

a.  viEiLiiEPoro' 

*  P^ifeaseur  A  1*  Eoole  d* Application  du  Service  da  Santd  pour 
I'Amde  de  I'Alr,  Chef  du  Service  de  aadiologlo  de  1'  SSpitel 
d'Inetruotloa  dee  Andee  SiiuIHt  6^  Avenue  de  Parlf-^4160  SAilT:'  HAAiJE-' 
PRAnCE. 

«*  jijlectrnradlologlete  dee  BSpltauz  dos  Arsdesi  a(ne  adreeee 
«**  Uddooln  Gdndral,  Plreotaur  du  ServJo*  d«  Santo  do  la  J*  RdEton  Adtlenne 
33^98  BOESEAmC  AilKEES  - 

'»«*#  Mddocln  Cdndral  inapooteaT.  Elrectour  du  Service  do  Santd  do  la 
1*  Rdglon  Adrienne  et  de  la  Porce  Adrienne  Taotlque-  HETZ  - 

.  Prcfeaeeur  h  1’  Eoole  d 'Application  du  Service  de  Santd  pour  I'Ande 
j  do  I'Alr,  Mddeoln  Chef,  du  lAflA?,  Centro  d'Esaal  on  Vol  -  BiiE'PMBl  - 


REEUra;;  >  xioa  nouvallev  gdndraclona  d'avlona  da  ooabat  se  caraotdrlrent  du  point  de  vue  vertdbrai 
par  la  poeelbllltd  K'attelndre  dee  aocdidratlons,  fortee,  inotantandaa  et  durablae. 

■Pour  donn^r  aux  pllotea  dee  poeelbllltda  optlnalae  d 'Inforaatlon  vlauelle,  le  raohle 
cervirel  car.Aerve  ja  ncbllltd  et  devle'it  vulndrable  dane  oertalnes  nlrooaetanoea«  Eea 
Idalone  orctart^uea  peuvent  aurvenir  an  vol  aur  oe  aeguant.  'jeur  prdvantioD  pour  aeaurer 
la  adcurltd  adrleune  ret  an  3au  3  dldnanta  i 

-  la  udlaotlon  rlgoureuve  baade  antra  antra  an  Prance  aur  1 'exploration  radlocllrlqu* 
du  rachlu  ei  1 ’appl loetlon  A  I'adatarlon  du  atandatd .d' aptitude  das  pllotee  d'erlone  de 
ooabat  Mvc  dee  aoaptatiana  slnlaee. 

-  lea  progrAa  iechplquea  portant  par  erenple  aur  I'alldgamant  du  oaaqua 

>  1 'aBtralneaent  phjil^ut  Inpdsatlf  oosae  una  bonne  hjrglAne  de  vie.  Cot  eatvalneuert 
dolt  Atrt  hurBonieoz,  raleonnable  et  non  Inutllanent  perfectic.u'ilate  pour  8tre  rdguli^>> 
reoent  a  iiv) , 

bepule  de  notibreutea  luuidea,  laa  oandidatf  au  paxaonnel  navlgant  de  1'  Axade  de  I'Alr  franpalea 
Bubiaaent  une  erpleratlon  rad.lpollnlqu*  da  la  oo^ocna  vertAbrala  lore  de  I'erpertlae  d'ajalaalon. 
Outre  aoa  aepaot  addioovldgml,  aon  principal  Intdrtt  eat  d'dllalnar  lee  oandldata  porteura  d'aoo- 
ralle  <m  da  Ideloo  auseeptlble  I'ltra  agravdr  par  la  vol  •(  ou  de  settre  an  oauaa  la  edourlld  dee 
vola,  li  ont./ient  at  t'ounlr  su  ceairaDdeaent  dea  candldata-pllotea  qui  alent  la  aarlava  de  obanoe 
de  ooueervac  lour  niititude  durant  la  durde  da  leur  caxrlbra. 

j<eB  etandarde  d 'aptitude  aont  adaptda  anx  exlgsnoeu  du  pllcta^e  del  prlnoipauz  t;ypea  d'adronet’i 
et  on  partlouMer  aur  avloai  de  ocabat,  na  miae  an  aerrloa  an  vranoi  d'una  nouvana  adndratlon 
d'eviont  de  ooabt.t  cunaa  1*  HlbAOE  ZuOO,  dolt-alle  a'accoapnAnai*  d'tine  pxofonde  aodlfloatlon  dea 
crlt^,raa  d'aptituda  qul  connercant  le  raokie  T  Eat— 11  ndoaaaalra  U*  prdvolr  pour  oea  pilotas  un 
ertralneaeirt  pkpdqu*  partloulle?  7  i 

L'lOA.'Udr  luzxo  ckinqss  bo  baceis  lokb  be  L^sovarns  n'ABmssiov. 

Voue  coimalaaoQa  acn  but,  azaalnona  aea  nodalltda. 

L'EXANEN  CJilBiqm!  apprdole  antra  autre  la  atatique  daua  ,aa  dour  plana,  la  auacnlature, 
I'aaplltada,  la  poi'pleaae  et  I'lndolanoe  daa  aouvaaenta  du  raohle, 

L'EXAKBl!  lU^IOLOCdOOE  ooaprend  t 

-  aolt  dea  ollchdb  d'otiaenblo  face  at  profll  an  poattlgii  debout 

-  aolt  dea  ollobdt  du  enpmant  oervlcal,  doreal,  lonbo-aaord  da  face  at  da  profil  an  poeitlon 
About,  r'aat  A  dire  0  ollobda  av.  total  arao  I’lnoldenoa  looa'JliAa  A  la  ohamlAra  oervloo-oooipl- 
tala  at  lonbo-taor^e. 

US  Pp-JWCIJFES  BB  PBI3E  BE  B0ni81OH  VAR  t'KXPEBT. 

Loraqt.'ll  dduourra  una  angaalla  atatlqua,  fonctlonnalla,  norphuloeidua  ou  nrganlqua,  11  dolt 
ca  poaex  pluaiaura  quaetioBB  t 

-  Cettv  anonaMa  nft>alla  to  ciuao  la  rdaletanna  lu  raohli  aur  agraaaloBB  uu  vol  an  partlou- 
lier  lore  da  I'djootlori  ? 

-  Pant-alle  aa  ddooapanear  du  fait  da  I'aetlvltd  aAronautlque  at  conatltuax  pax  aaa  offata 
aaoondalraB  UB  jTaotaur  dlalnuant  1l  adonrltd  daa  vola  t 

Ba  rdponee  A  caa  qtiaatloni  n'a(t  paa  triujoure  faolla.  En  oaa  da  douta,  11  vaut  Blauz  Atra 
reuz  A  I'adaletlon, 

LES  CAOfKB  B'lKAPTITlOE. 

11  orlBta  daa  oanaee  d'ln:iptttuda  coaaqna  A  toua  las  aaplola  da  pllota,  Ca  aont  loo  uffgotlona 
^vftlutlvBt  da  t:rpa  tuBoral,  Infectlaux,  Inflawnatc-lra  at  lour  adqualla.  La  quaal  totalltl  da* 
adquallaa  poat  trauMtlquai  at  lea  anonallas  oongAnltBlaa  oonplszaa  aont  dllslnatolra*. 

II  faut  Bignalar  daa  oauaer  d'Jnaptltude  spdelflqao  au  pilotage  dee  avlona  da  coBbAt, 

Laa  itudaa  ollsiquaf  et  phyvlopathologlquea  aotitraat  qu'll  arlete  un  aagiaant  raohldlon  orltlqua 
pactioullar  aur  pllotaa  d 'avion!  da  oonbat.  II  e'aglt  du  rnohla  doxBal  at  da  la  Jonoilgn  dozao- 
loabBlre  (  dlaotlon), 

Laa  troublac  da  la  atatlqua  pauvant  favorlaaz  Ia»  lAoloua  A  I'djeotlon.  1*  tablaau  uul rant 
rdaiune  1,om  ddolalono. 
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CONSTAT.LTIOH  '  DICCISIOI  ' 


_ I _ ! _ I 

Soolloa*  dorao-  luiple  d*  aoolloea  lofdrtaur  ou 
loBbalra  |  d*al«  15*  |  APTE  * 

I  ADfla  da  aoolloaa  aspdrlaur  4  1^*  i  IHAI^TE  I 

t  I  I 

_ ! _ J _ « 

Cjrphoaa  doraala  '  Angle  da  cjnphosa  Infdslaui?  A  33*  '  AFTK  ' 


’  Angle  da  cyphoaa  conpiia  antia  ’ APTE  oa  ” 

’  33*  at  SO*  (tenlr  oonpta  da  I'aaao-  tlAFTK  aalon' 
‘  olatloD  A  dai  adquallaa  d'dplphy-  ‘let  aeeoole-  ' 

*  aoaa)  'tlona  ‘ 

I  Angia  d!e  cyphoae  ewp'dsietjT  A  '30*  t  IBAPTE  i 

J _ L - • 


THODBLgd  LA  BTATTf^DIS  VBRIEBBALE 

Lae  adqaallaa  d 'dplpKnioae  da  arolasenae  Lont  olAaadaa  an  degrd, 

-  dagrd  fftll/le  1  oa  fota  la  prdaanaa  da  patltaa  Irrdgularltda  at  -jm  faulllaiage  dao  pletaaux 
aortdhratta  avan  aboeoha  da  aCaHOHl  aena  sodliflcAtlosj  da  la  aorphologla  gandrele  daa  vortAbraa 

at  d»  la  atatiqiU'. 

-  (legrd  noyan  1  1?.  axlata  une  ddfoicatlon  oundifoma  entdrlatira  d'ona  Tartdbra  leolda  ou 
aaaor:).da  acz  autdea  tlgnaa  plua  pertioullfcreDent  aveo  dan  aucnchea  locelladaa  daa  pletaeui  at 
un  pVnou,aant  d'aapaoa  latajrrartdbral, 

-  dagrd  f(irt  1  la  Adfametlon  omidlforna  entdrieuro  intdreaaa  plua  d'una  rertbbra  eaaoolda 
aux  autraa  algnaa  at  A  lui  xotan llBaaneat  aur  la  atetlqua  TaxtAbrAla. 

ht  tablae’.i  sutreut  rdoune  Imb  ddoialona  pi-laaa. 


'  COHSTATAT 

1  0  H 

*  DECISXOV 

I 

* 

SAquallea 

*  Dagrd  feiblo 

'  AFTK 

fl'dplpliyeoea 

de  ; 

t 

oxolaaanoe 

;  BO/An 

dorael 

■■'"IHAPTE 

■a  «a  «i  M  ai  M  Htiaee^  a 

1  ae<«aBe««.«>eHM«neBa 

aa«| 

I 

l,:al>«Ira 

t  APTi! 

1  Iiegrd  toj 

t  1M4PT>^ 

f 

1 

f 

J 

SE^tlELLBS  D'EPIPr/SOBR  TS 

CROIBBAMCB 

Le  lyia  latiulqv'  d'una  aartabca  loabeSvo  baaaa  a'aoooii.pegtiant  d'un  apondylollathdaio  aupdxlaur 
L  1  on  par  rapport  L  la  vartAbre  eoua  JaoantOy  entralna  1 'tnaptltudai 

B6T-1L  AKCJtBCAJSE  LX  MOPiriXK  If  STAHDABl)  L'AFTITODX  DBS  VILOTEZ  L'AVIOIS  i>B  CUMBAT7 
Lea  donndaa  dp  problAna. 

■  Lae  ountralntaa  du  poata  da  traaall  t  lee  aalona  do  ooabat  da  la  nouTalla  gdndratton  at 
an  partloullux  la  Mlraga  XdGO  ea  oaraotdrlFont  antra  autra  par  laur  aptitude  A  ”  airer  ”  ocnrt. 

11a  Bounettant  la  pllota  A  daa  aeodldratlone  da  8  3  9  C  pandant  pliialaura  dlsalnea  da  aooondaa 
avao  daa  trapa  A'inetallatlon  da  oellea-ol  da  I'crdra  da  la  aaoonda.  Lea  nonedquanoea  aur  la 
raohla  aoot  (ildldrantea  aal-on  qua  I'on  ocnaldAra  1«  ragaart  dpreal  at  la  Jonotlnp  di/xao  lonbaira 
ou  la  eagnant  oarvloal, 

L«  raohla  dorao  lonbalre  o'aet  A  dir»  la  trono  blen  aangl^  at  Lien  soutanu  par  la  doialar  du  elAga 
djaotahle  cat  rn  ssauro  da  aupportar  can  oCunlrratloua.  La  raganut  doireal  rt  la  jonoiion  Sormo 
lonbalre  d.arurant  orltlquaa  lura  d'una  dTantualla  djaotlon. 

La  raohla  cjaraloal  na  bdndflolr  pea  d'appul  oonatant  pour  ooiia«r”ar  A  la  tdta  une  npbllltd  ndoaa- 
aalro  A  la  prlae  daa  infomationa  Tlauallaa,  Ca  aagaaut  darlant  orltlqUF, 

'  Anatonla  du  raohla  oarrloal  1  11  a'tglt  d'un  aapllaaant  do  aagnanta  oiaaux  unltaiiaa  da 
petite  tallla,  nobllaa  loa  unw  par  rapport  auz  avtraa,  Laa  Tarttbroa  oartloalaa  aont  artlouldaa 
ontj-e  alloa  at  laa  dldaentn  odjaoaita  entdrtovra  at  pontdrlaura  aont  raapaotlraHunt  rdunle  antra 
aur  par  daa  a'lAaaQtti  f Ibrollgaeantalraa  qiil  naourant  un  fralnaga  paaalf  A  dee  otouTaatilta  ooDplaxaa 
qul  pacrent  At-ra  da  grande  nAplltuda  (  flaxto.Ui  axtaneloiii  llvxlou  latdrale,  rotation  at  laure 
oonbinalaoue  poralblaa).  La  daatraotlon  dea  dralne  vot  an  danger  la  atelllltd  6t  oa  aagnout  raohl- 
dial!  at  par  oonadquaut  J.e  nodllv  at  Ire  narfa  rcmhidJece  de  I'dtage  oarvloal. 

La  auocaaelon  daa  hrtlaulatlooa  dlvoo  nouatlquea  entdrloiixee  pant  Itra  aealallda  A  iina  oolonna 
portauaa  alore  qua  laa  artloulattona  Intarapophycalrea  pontdrj eoree  petltfa  at  fragllaa  pauvont 
8trt  aaBlelldoH  A  due  oolonetta;  lUraoti'I c aa> 

La  nuaoulatura  du  oou,  ayatAna  da  haubanogc  tv&t/.j’,e«aura  la  aobllltt  da  'a  tiita,  la  Kalntlan  daa 
Attttudm,  le  veiToul  Uag.  du  oou  et  do  la  tdta  an  pon.ltlon  L-^;  ntiiMH  td, 

£n  Houia,  lA  nobilltd  da  le  ol  louna  carvloela  pamat  I'oblli^’etorde  pr.'.ao  d'lnloma.tion  vltuo-lle 
du  pllota  a'avltii  da  ooiabep,  Bf  llagllitA  oat  la  runvon  de  au  eotllitd. 

•  L»  obarge  de  treveij  an  vol  i  bo.r  Ifcjt-'ure  d’egraeeloca  Id.'A  oonji'is,  lei  arcil#tatlouft 
Or  Intaneoa  de  lotqiua  durde  at  brutalauw.ut  loytell-fea  ejsutant  tin  dlAtaanv  urlgintl. 

La  pilot*  qul  a'«ttan/l  A  aublr  une  de  oaa  fovint  ecoiUAretloua,  oontreote  Ian  truji'la’j  du  oou, 
varroullla  at.  tite  an  poaltlon  atehla  at  I'on  ne  oonetati  pee  da  nouvaoian^  Attoiraeux  aoun  aoodld- 
rationa' 

An  oontrnlra,  ol  la  tAta  ait  anrp-'lia  pett  ana  forte  aoodVAratlon  an  dahora  da  In  poainton  d* 

I  A  '  '  '  '  .  ' 

I  .  r  ,  ,  ,  , 


T«rronll.l»c^i  loa  polds  app«r*nt  djpkaae  ckpXdaaan''.  las  poialbllltd*  da  rattrapM*  1*  aaaoula- 
iurt  ;  la  ttta  aa  aoblllaa  an  .reaction  da  I'lnraX'ta  du  aana  d'applloatlon  da  I'aoodldratlon  | 
la  nouvaaant  ra  aa  poiuraulvra  jutqc'i  aon  f.Talna.^  pax  laa  fonwtlooa  anatoalquaa.  Caoi  aat  faolla 
b.  ocnprandra  al  on  antlaa  groaaiiraaant  la  poida  da  la  tSta  at  du  oou  Juaqa'b  C6-07  b  4  Kf  at 
I’dqulpaaont  de  tita  b  1|9  Eg^l'anscabla  pbta  aanalblascnt  6  Kf,  La  polda  appaxant  aat  da  1 
30  I*  b  5  0 
4S  Ed  b  a  G 
60  Eg  b  10  a 

La  pulatanoa  dan  nuaolas  du  oou  aat  xapldauant  ddpaaada.  La  aouvanant  non  aaitxlad  it  la  tita 
aous  aoodldration  pant  4txa  vlolant  at  raaponaabla  d*'U)  trannatlano  oxftnlan  contra  una  parol 
da  I'habltaola.  La  xaohla  oarvloal  paut  Itxa  Idai  Inl  nSaa  an  paxtloullar  loxaqua  la  ttta  oat 
■urprlaa  dana  uno  poaltlon  ooaplaxa  ooua  I'aztMoalon  rotation  pour  ana  prlaa  d'lnforaatlon  ritual- 
la  latdrala  at  bbuta.  blctl  daa  antoraaa,  daa  fraoturaa  da  ea  aagnant  raobidlan  aont  aurranuaf 
an  Tol  au  oouia  d 'acoaldratlona  b/^talaa.  La  aurranua  d'hamla  dlaoala  ait  poaalbla  dgalanant.  tit 
■daa  qua  la  aumanaga  corrioal  dS  b  la  rdpdtltlon  daa  aoodldxatlona  inportantaa,  aat  auaoaptibl* 
d'aroluar  b  la  longua  raxa  uua  ddooapanaatlon  azthraalqua, 

L'ETOLOTIOI  CO  QlAlUbJUl  S'bJniTDlIi:  UBS  PILOTBS  D'bVIORS  PE  CONDAT  A  L'AHKISBIOH. 

L'appllcatlor  du  atandaxd  actual  eat  aufflaant  aoua  dauz  oondltlona.  11  aat  Uapdrutlf  dc 
blau  dltaoolar  laa  oxltbiaa  pxopraa  au  plXata  da  ooabat  at  oaux  propraa  tu  pllota  d'hdllooptb ^a 
at  au  pllota  da  tranaport  at  da  llaiaon.  II  faut  ajoutar  au  aagaant  erltlqua  olaialqua  conatltud 
par  la  xaohla  dozaal  at  la-  jonotlon  dorao  lonbaii-a,  la  raohia  oarrloal.  A  oa  propoa,  11  faut  lira 
partioulloroaint  rlgilcnt  quand  11  axlata  daa  antdoddanta  da  traunatlana  oarrloal,  la  ■oladxo  adqual- 
la  ullnlquit,  Co.notloDr.elle,  oorphologlqua  dolt  falra  prononoar  I'lnaptituda.  Par  alJltura,  la  dd- 
courarta  d'un  bloc  oongdnltal  antra  2  rartbbraa  ooaprlaaa  antra  C3  at  C7  dolt  oaanax  k  pratiquar 
del  dpriuvii  itatod/naalquia  pour  jugar  du  ratantlaaaaant  drantual  aur  la  atatlqua  carrloals  it 
I'aaplltuda  dai  aouraainti,  il  oalul-cl  aat  apprdulabla,  I'lnaptituda  aat  propoada. 

LEf  LLElIenTS  DS  PRETEBTIOH  PBg  IICIUBNTS  CER7ICAirX. 

lit  aont  da  3  t/pafl,  la  adlaotlon,  laa  aadlloratlona  taohnlquaa,  1 'antralnaaant  pbpilqua. 

.  La  adlaotlon  b  I'adalfiloa  dolt  gtra  rlgourauta  oaaaa  ncua  I’avona  ru  prdoddaaaant. 

.  Lit  aadlloratlona  taoholquaa  1  la  plua  ilupla  porta  aur  I'allbgaaant  du  oatqua  porta  dqnipaaant. 
11  tat  poialbla  d'laaglnar  daa  apttbaau  oapablat  da  lalaiar  una  oartalna  aobllltd  b  la  titt  tout 
an  ataurant  in  oa«  d 'aocdldratlon  brutala  tuia  oontantlon  lufflianta  b  I'aniiabli  tlti-onu.  Lanr 
rdalliatlon  eit  probabliaint  ooaplazi  pour  qu'un  tal  syitbai  lolt  oonfortabla,  done  non  dangiraux 
pour  la  pllota. 

,  L'antralnaaent  daa  pllotaa  1  on  paut  Atza  tantd  da  ranforoar  par  daa  axaroloaa  portloullara 
la  auioulaiura  du  uou.  Ca  aaralt  una  arraur,  laa  axa.roloaa  dolrant  Intdraaaar  I'antanbla  da  la 
■uaculatuxa  rartdbrala  at  du  trono  aoua  paint  d'un  ratantlaaaaant  aur  laa  autraa  oagaanta  raohldltna 
La  aalntlan  d'un*  axcallanta  oendltloo  phfalqua  aat  ndotaaalraipour  oalb,  la  ratptot  d'una  b/gldna 
da  ria  at  la  pratiqu*  d'us  entr&lnsnent  pbjralqua  aont  daa  cbllgationa  pour  laa  pllotaa.  Pour  qu'un 
antralnaaant  phyalqua  qul  Intdraaaa  I'appazall  loooaotaur  at  la  raohia,  la  ayttbat  oardlo  ratpira- 
tolra,  1 'aadlloratlon  daa  rdflaxaa,  rolt  rdgulibraaant  lulrl,  11  aat  ndoaaaalra  quH  lolt  ralionna- 
bit  at  auffiaoaaant  attra/ant.  Dta  afforta  dana  oa  aana  aont  lalta. 

COHCLUSIOH. 

La  prlaa  d'lnforaatlon  rlauilla  aat  plua  qua  Joaali  ndoaaaalra  dona  la  ooabat  adrlan  arte 
laa  nonrallai  gdndratlsna  d'arlona  dt  ooabat.  Bllo  oat  peaalbla  grtoa  b  la  aobllltd  du  raohia 
oarrloal,  aa  ranqon  o'att  una  oartalna  fragllltd,  Oa  lagaant  raobldltn  darlint  orltlqua, 
L'txploratlon  radloollnlqua  at  la  ttandard  d'aptltudo  b  I'adaiaalrn  dat  futura  pllotaa  d'arlona  dt 
ooabat  aat  udaptd  in  oa  qul  oonoama  la  raohia  k  uno  adlaotlon  qul  dolt  ttro  rlgourauaa  pour  Itra 
off loaot. 

Laa  progrb*  taohnlquaa  ooaaa  I'allbgaaant  du  oaaqua,  la  alaa  au  point  du  ajratbna  da  oontantlon, 
paurant  aadllorar  la  rdalttanoa  b  ota  oontralotai  nourallaa. 

iVia  hygibnt  dn  rla  at  un  antralmaant  phyalqua  haraoulaux  at  non  Inutllaaent  parfootlonnlita 
dolrant  Itpi  (•oaiiddrda  ossss  us  darclr  pour  laa  pllctia  d'arinna  da  ooabat  du  rutu.v. 
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Alb.-^rt  van  Tin]en,  Maj  RNEAF,  FS  radiologist. 

Military  Hajipita],  P.O.  Hox  90.000.  3509  AA,  Utreoht.  tfotharlandn . 

Harry  H.K.  Van  I'on  aar ,  Col  Rh'lAK,  SFS. 

TOro^tor  Aviation  Kodinlne  Pivinlon.  P.O.  Oox  153 
37'''9  ZK  Mo!  :.criaiid-j. 


A ns TRACT. 

Will,  tho  introduction  of  tho  pcrforniancG  air^^raft  in  the  Royal  Ilethorlandc 

Air  r’oi-co  on  innj-oafl*:*  in  njirial  oolunin  dinordern  wu^  anti  c  i  tod ,  ThoroforOv  a  avtcunaticn] 
radlo^i-aphio  wholo  apino  oxarolnation  of  Candidate  Studont  I'ilote  (CSP’o)  arifl  pb  /lifiid 
Pilotft  'QPbs)  doi’l  ’n'ltod  to  fJy  r-i'.  )ja.i  I  oori  tiOi- forfi-ed  docorrTicr  I9fc/'.  To  rolii^c 

radlatl'n  cxj'or'ura  jti  d  j  oj^ra  ;.'nn  wore  inad«-  u'-it:,'  a  rnod'^rn  1/,  in<r)<  ititonnifioi  .  P.ofar. 
esp'n  and  1 9C-  CP'fi  havf-  bacn  cxamiiiorl . 

Sti’ict  aj-pllcatlon  of  thu  medical  criteriu  loadjj  to  u  rojeefion  of  ZO  %  of  tho  CSP^n 
hecaunf-  of  nplnal  dinordorn  vinualJnod  on  X-ray. 

For  F-iC  p.ilotiJj  the  major  r«*ejoM  ol‘  intarcr.L  .dcofn.-.  to  to  the  cej'vica]  nj-ina. 

The  rojortion  rate  could  ho  rodU'^cd  l-y  road juntn.ent  of  tho  ired<.»ih]  ci-itorio  ritjc!  .'^epai-ate 
.laloctjon  of  holicofjtor  and  f  1 /diter]>l.]  ot  n , 

.SyntnmnMn  oxam  J  na  f  1  on  of  QP*.*:  who  had  no  or  lfico/n|loto  previous  oxfi.riina  ti  onn  uncovers  a 
iiijjh  reto  of  n]iif<al  dinordaru. 

Tn  our  ‘vorlas  QF'n  without  .lyir.p'omo  W'r'  orily  icj'tctad  hncauun  o?  v^rrv rtn  ].  r)  j  ncf>{  n  thy 
with  or  to<i(ihy !  (;  formation  on  the  hack.cido  of  th»’  vcrtnhrnc  und  rtsuiting  nariowin;!  of 
tho  P  pi  tin  j  cfi  riM  ]  . 


TNTROhlfCTION 

dTiin^il  d  <  y  o!‘d‘' i*  f  affcc!  <2  r  i  pti.l  f  ic  V  f:  t  :•  t  ft  I  '.'V  Iht  i! !  r  ?’ cr*c*-’  pilots  'ird  ifra 

on*.'  Mm*;  or  an'jidi»Ji-  n  n-njof  -jaure  of  pajrj.  w*'ukfif;;Jii  and  imf-airod  entiurMner*  (6), 

V.'lth  the  Introduction  of  tfio  l:j  rh  foruiance  oircraft  F-'m  jn  t)ie  Royal  Nn  thor'i  a  iid 
A.1  r  Force'  (RNIAF)  a  conriclorut.l.c  Incroare  of  ::pii.4;  ry.T.ptoms  '.;c.r  oxj;octcd  hy  the  medical 
fiuthorj  tir-r’,,  Thurnforn,  tt./-  r.ood  for  a  tty  nthofiiftt.!  c  rad  J  ofjuj  ph  i  c  exnm.l  nati  on  of  thn  whole 
jJI'Ine  of  hoth  Candjfinto  Student  Pilots  (C:-P*n)  and  Qua.liriv'J  I'i.l  tii  IvP'.i)  'h’uirT'M  i 'Jd  to 
fly  F-l6  war  utroiijijly  felt,.  Thin  oxamlnat  j  oii  ha.c  boc-ti  perforiiiad  uinct*  novomboi* 

MFTIfOLi.M  RAIMATTOII  IiAZARDS  AhI->  MATERIAI-S. 

Atj  ad<;(^ijnt,o  rad  i  o^^raplii  n  exami  tia  ti  <*ii  of  the  whoJe  npine  iricludoa  a  cori  •»  i  d  nrn  10  o  nurnlior 
of  ph<i»  (/.'/rfi  phn  .  Thin  rcnult/i  in  a  tr.ihy  tan  t  i  a  )  rn-i  i/i  1 1  on  f;xp»'j;tjr'.'  to  the  cx'iminoo. 

Tn  tlO  *1  situJy  lito  utundnrd  t3xam  i  na  1.  j  on  Jncludon  tho  followir'rJO  radj  o/m'R  j.hn  . 

4  humhoracral  spirse;  Pontoro-anterl  or ,  lut.ural  arM  two  ot.Oifjue  proj  on  10  ortn 

r  Tnorn''‘jc  nf>ine  :  Antor o-portorl  or  ciia  j»irorai 

3  CtrvMin/  njriri'!  j  I’ontoro-antorJ  or ,  luto:ul  At  rost  jnd  llj  flexion  ^nd  oxtorifiion. 

This  0  xa  fn  1  rui  t,  1  (jji  piji'form*;d  with  con  v<?n  t  i  ona  1  X-ray  o<{ui  jiranrit  {{ivo.*?  a  j'aa  ]  a  1 1  on  ox  j '■'r  u  i-i* 

of  ui'Oiit  650  m  ru'f?'  to  the  horif  mar/'OW  (4).  This  orfan  done  j  n  five  timon  the  avornwr; 
yearly  dose  of  natural  r'ldiatlon  of  130  mrcD*  (sea  level),  Accoriln/'  to  the  data  of  tho  Iri- 
t  erne  t }  tin.'i  1  Gonunitt  ’  of  I'ndlntlop  l'r*)tect3on  (V),  tiilr  fir.p.fj  of  650  mrom  mny  lend 
to  u  tumour  induct  frequency  of  0.13  0/(i0  with  a  ialent  }*erlof.i  of  5  to  ZO  yearf:. 
f.ta  t  i  o  t  i '■■n  1  1  y  thifi  cannot  i";  rured  hecunce  of  the  fact  tfiat  the  njtontanroua  tumour 
Irn’idenne  f  r  f!fj  u'-ncy  j  r:  til^out.  P/,  %, 

Fu  1  1 no  ra  d  1  fj/M’fl  phy  (the  whole  r/)inn  on  ''nn  jiiiotor  ra  )»h  in  ^y  jJi’oj  ee  tj  on  ortci  one  3  r; 
lateral  proj  nc  1.  j  on )  can  redu"e  the  )'ftdJa‘ilori  t  xporure  to  115  m.re'n  (5).  Tn  our  npinlon 
iiowevei',  thlr  meth(rl  in  eycoli*?nt  for  mearuroHient  of  acoliosta  but  inadequate  to  tz-aco 
fj  '/arlety  of  ii[jliial  d  j  .a«jr’de/'U . 

Suhntantii.l  r'cdu’t.loii  of  I'ud  i  a  1.  j  ^>11  cun  alfio  he  octiic-vcd  by  u.'iin/»  a  m''»deru  I4  iU'di 
iiitennl  tier  to  make  the  rud  j  errajdiO  .  Cottpar'-d  with  co/iven  1 1 '  na  J  radiofraphy  this  K'thod 
uJiown  a  4  to  1C  tlmea  rndu'‘t1on  of  expenure,  depending  on  tiic  wore  or  lean  ure  of 
I’J  uor’oiicopy  for  pos J  t  i  orii  nr  of  tlio  examinee, 

Th*-  lerul  tlnf'  small  flJzf!  (jlctui’e/;  (10  :<  10  cm)  arc  of  quality  aji  r.u  Tf  in  j  :.r.t  ft^r  Miy 

radiolonjrn]  i  n  t^' rj'Fa  t  qIM  Oh  except  a  very  accurate  mvaouremuht  uf  thn  un/;le  of  u  rcoliorj.n. 
In  our  ey  pf'i' i  once  however,  thin  refitrietion  never  poned  a  proljoini 

Tho  rad  i  errajdi.'i  were  3  n  tn  iq  ro  tod  l-y  a  radi  ol  :;l.,  wheri  in  doubt  an  ortiiopedie  f>urf;eo/t 
wan  coiiHulted  to  a  ^aecorid'  A*u‘oij.e«-il*',i  1  fli  npo.Tj  tion  and  v/ajv»jr  aythoj’ltv 

vci'e'  tiic*  I'uaponolhll  Ity  of  tlio  Director  Aviation  Medicine  Divluion, 
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Since,  november  '98S  nil  CSP'a  are  Kubjectad  to  t'i«  previously  de.acrlbed  examlnstlon  at 
the  end  of  the  eeleotlon  procedure. 

All  ncceptod  CSP'a  will  be  reexamined  after  six  year.".  The  CSF's  who  were  rejected  during 
thio  training  period  will  also  he  reexamined  aa  far  ns  pos.^ible  and  ?vill  function  as 
control  group.  Furthermoio  all  QP's  designated  to  fly  F-16  ure  exsMlnej. 

This  examination  will  also  be  repealed  after  alx  years  unle.ss  disorders  are  found  which 
require  a  more  frequent  follow-up  o'o.'’ervatl on . 

RdflJbT.S. 

Up  to  1-l-'i9S5  ;'25  C.Hr'.s  were  radiographically  examined.  Strict  application  of  the 
Flight  Medical  .Standard  (FH.S)  of  the  P.NLAF  led  to  rejection  of  Ci  candidates.  The  roo.sons 
for  rejection  are  listed  In  table  1.  Candidates  with  3ign.a  of  Sciicuermaiu'. '  s  disease  wore 
rejected  when  there  w.crc  more  than  two  ohvlous  Schoorl's  nodules.  Also  a  unilateral 
.epondy]  oly.al  a  or  a  spina  bl  fidu  occulta  with  two  or  more  vertebrae  involved  was  reason 


ftir  rojnetion. 

TaMo  1  , 

h  =  225 

100 

i 

Ihijnbor  of  CSP*i)  ©Kamlned, 

45 

20 

% 

Kc*,1»?'3ted  fer  spinal  dl.sordek*f.  vl.'iyalisod 

22 

10 

i 

vertebral  osteoonondrltia  (SchfeUorR’unn  '  s 

13 

6 

% 

spor.d^'l  oiy  3is/lyathofllo 

5 

2 

% 

congonitA]  anosia.lioa 

3 

1 

i 

uiflcopathioa 

2 

"i 

•i 

oth/;r  diccrd<irs 

F.o  far,  196  qualifiad  fighter  pilots  Underwent  the  wliolc  .•pine  examination  before  they 
weri^  0  ll'WieJ  to  be  certl  Tied  for  tlte  K-16.  In  the  past,  only  soite  Indivldualc  of  this 
group  had  iioen  radiographically  examined. 

The  results  Are  listed  in  the  following  table.  ■  ■  '  ,, 


Table 
H  =  ry6 
97 


100  t  number  of  qualified  pilot.":  examined 

49  i  no  or  very  slight  disorders 

i1  %  one  or  more  disorders,  listed  below 

3  3  i  thor  ocol  umhar  dluord'-^irs; 

11  %  .‘Iciieuermanii '  s  di.aea^o:  IS  slight 

9  moderate 

10  J  lysis  /  lyothesls  lumbor 
6  %  luraliar  dlaeopathy,  1  status  after  larolnectomy 

1  i  .atutus  ui'ter  moderate  compresnlon  fracture  Th  12  /  L  1 

4  %  congenital  anomallca,  6  of  these  transitional  vertebra 

2  1,  o3teo-ar thrltis  thoraeo-lumbar,  rather  advanced. 
i  cervical  disorders; 

6  %  abnorsial  alignment,  uncomplicated 

5  %  cervical  dlwcopathy ,  uncomplicated 

9  %  cervical  dlscopnthy  with  osteophyte.s 

3  %  cervical  oBtoo-arthitlo,  unconijillcatod 


V'  w 


f-  ''  "I 

3^  - 


f  '-'I 

i  . 
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DISCVSSIOH. 

In  our  aeries,  20  %  of  the  Cf/f'.-i  were  rejectod  baeauae  of  radlogi  xphically  vicualised 
apinol  diriordera  wbei.hcr  they  had  syijiptoms  or  not.  In  the  period  p^ior  to  our  study 
(1980  and  1981),  only  'full  .euine'  radioRrMphr  were  wade  which  led  to  rejection  of  7.5  % 
of  thrt  Th^s  narked  is  pertly  due  to  the  nore  detailed  radiographic  in¬ 

formation  obtained  by  our  method.  However,  it  also  resulted  fro^  the  readjustmont  of  the 
RNT.AF  FMo  to  the  more  strict  criteria  for  high  performance  aircraft  pilots  as  rec ommendr-d 
by  KftTiarlan  (6  )  , 

reanon  for  the  hlj/h  rejection  i-ete  is  the  fact  that  in  the  RNLAF  the  CSP*B  have 
to  be  medically  qual.ified  for  fighter  pilot  ag  well  as  heliooptev  pilot.  For  various 
rtnoons  aircraft  choice  is  wode  later  on. 

Delahayc  (?)  advi  ses  to  >  cjcct  helicopter  CSP’s  wh-  shov;  transitional  !)  umbo-au cral 
anomalies  associated  wj  tix  asymmoti-y,  markod  disengagement  of  the  pivr.t  vertebra,  or 
transvcrsocaci al  new  joint  formation.  In  our  geries,  this  anomaly  by  itself  was  no  reason 
for  disqufll i ficetioii .  Other wi the  rojectlon  rate  would  even  have  b-een  higher. 

Operational  experience  with  the  F-16  suggest  that  In  comparison  with  their  previous 
aircraft  (F-1G4  and  NF-5),  F-lf  pilots  have  legs  lumbar  spine  nymptorng  byt  complain  .far 
more  shout  ccrvicdl  pain  and  divecomforx , 

In  a  limited  study,  Aghina  O)  found  that  F-16  p.ilots  had  8  times  more  cerviifal 
symptoms  than  F-104  pllota.  At  one  time  or  anotnor,  67  %  of  the  F-lo  pi.loto  had  experienced 
cervical  nymptotra  during  the  observation  period  of  half  a  year.  Similar  observations 
were  rcpcTted  by  other  KNhAF  flight  'urreonu.  This  is  partially  due  to  tno  extrome 
G-acce]  ei-ati  on  }iOf?  s  j  hi  1 1 1  ier,  of  t!to  aircraft.  It  j  :j  also  i-elated  to  the  different 

body  position  ir  t’no  F-16  where  the  t;ioraco3.umbar  spine  leans  backward  at  ar*  angle  of  30°, 
requi  !•  i  rig  a  cor  rftc  ti  oriH  1  flexior  of  the  cervical  spine, 

Bocquoc-  of  the  awfi*.  vnecs  o'?  the  extreme  ntrain  on  cite  cervical  spine,  spociol  attention 
v;ac  given  to  Ihlc  part  of  L're  examination.  However,  disorders  of  tb.c  oervieal  spine  were 
reason  for  rc,)c-iCtion  of  only  4  CSP’s  (2  %)  ,  Moderate  d  1  salignmunt  with  normal  flexion  and 
nxtenolon  who  in  oui‘  serieo  no  reason  for  disqual  ificHtion . 

In  contrafjt,  for’  helicopter  j'ilots  the  lumbar'  opine  la  known  to  the  moat  vulnerable 

part.  Therefore,  the  introduction  of  hjgb  pe.vf urinanc.e  eircrtifi.  v/ill  probably  lead  to  an 
inercaribi^  dircrcpancy  between  the  medical  i,uali ficatlcn  criteria  for  fighter  and  heli¬ 
copter  pilots.  T^'  partiinilsr  after  a  poralble  readjustment  of  the  PMS,  this  should  be 
I’/jiison  for  aepnrat-'i  .'i*^lection  even  in  small  oirforcoc,  in  ord^T  to  ruauco  t/io  rejection 
rate. 

In  tljs  rorpaol,  the  rncomisccda  1 1  one  cf  bolahaye  (2)  about  different  critevif  for  beli- 
cojjtej*  and  firntcr  p'iLotr  and  opinion  about  irpina  bifidu  occultn  au  an  innocent 

atiOmaly  have  to  be  mentioned. 

The  radiographic  examination  of  196  Qb’c  showed  in  VO  cpinaJ  dlr.LZ'd^ns  wVjich 

flccni’fiing  tti  rh*"!  HhbAK  FMb  nhoujri  ho  r'^'HOOfi  for  d1  «qua  J  i  fi  cat  iori ,  Without  uoubt,  th(/ 
rnculting  rejection  rate  of  %  of  tho  0P*r  waa  inacijwptebie  jn  our  oplrjicn. 

Discussion  l^otween  flight  suigoonss  radiologi  ntf;  and  ortho-pedlc  uurgeono  led  to  the 
conclurlon  t.i;riL  quajlficd  fightcl’  pilots  with,  no  symptoffiM  rostr.ioting  operational 
cmpl  oym*. ri t  should  be  rejected  only  wlien  an  uncco}.'tablt'  increased  risk  to  thej  r  physical 
huclth,  or  on  obvious  increased  risk  for  flight  sal’cty  could  be  assumed. 

V/ith  ihir.  point  of  view  an  the  guideline,  lumbar  an  thoracic  spine  disorders  wore  in 
no  cane  of  our  nerlcs  reason  for  rejection.  .  . 

One  F-16  f  lot  who  received  a  waiver  for  a  npondj  lolyothccir. ,  three  month  Inter  oy- 
pcrienccd  -in  inflight  ejection  fcllrwed  by  a  rough  paraehute  3p-'.ridinp,  On  X-ruy  G  slight 
compre.«?ni  on  f'racture  of  L-1  wa<:  nhown.  /n  spit-?  of  thin,  the  lynthenin  rif  v,f-,n.T  com¬ 
pletely  unchanged  in  eompv.r/,i;o/j  with  provloup  rad  1  ogra j<bw .  The  ptability  ol'  lystlienla 

noomn  te  b'"*  adequate  to  resist  severe  tra'ime  5  r.  Ric:»t  ce^es  (3). 

Reason  for  reii.uuu  concern  were  long  exinting  dineoi^athleii  of  the  cervical  spine  with 
of’teophyto  formation,  in  particular  when  ostcophyt,jj  were  located  on  the  back  side  of  the 
v'-ot.ebrae .  This  causer.  fi  narr;)wtng  of  the  cnrv.icai  canal  and  may  load  to  coapreoclon  of 
the  myelurp, 

Tn  clinicel  modicine  fi  rliilma]  diameter  of  the  cervicnl  cunal  of  14  mm  (an  measured  on 
n  f.;j  ndnrd  lateral  radi  ograpfi )  In  aneumed  bu  be  nurficlont  for  t.he  T/elum.  However, 

In  muoli  uncui'tainty  about  tfic-  j'onniblo  rink  ol  a  nudden  fi'acturo  of  an  osteophyte  durjiig 
■the  extreme  G-ntrain  which  cx-n  be  achieved  in  tin?  >’-16.  b'hen  tiie  onteophyte  Is  located 
on  the  hack  side  of  the  cervical  canal  an  ucubf.  corrpvcsBlon  of  the  myolum  v/ith  resulting 
paralynlo  could  be  sxp‘:#cted  ii*  canc  oi’  a  fracLUrc. 

In  our  series  of  18  corvicul  dincopathic?.  with  ojteophyte  formation,  I'onr  pilots  were 
definitej;/  rcjecLod  tor  F'-l6  ond  tiiroo  pilotu  received  a  G  res  t  ric  t  i  on . 

All  pilots  with  cervical  d  J  i.' copa  thy  who  iiad  been  granted  a  waiver  for  the  F~'l6  worti  de¬ 
signated  for  a.  yearly  radlogrtijihic  fol.to'w-up  examination. 
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1.  Sysite^ati^  radiographic  examination  of  tho  whole  spine  loads  to  a  high  rp.jectlon 
rate  of  CSP^s. 

2.  Radiographic  examlnati on  af  QP's  with  no  or  inccmplete  previous  examinations 
uncovers  a  high  rate  of  spinel  disorders. 

3.  In  op's  designated  to  fly  F-16,  the  cervical  spine  is  the  major  region  of 
interest.  In  our  opinion,  tracing  of  disorders  on  this  level  will  substantially 
attribute  to  flight  safety. 

1.  The  introduction  of  high  performance  aircraft  as  F-16  will  probably  lead  to  an  in¬ 
creasing  discrepancy  between  the  desiraltle  criteria  for  fitness  as  a  fighter  or 
helicopter  pilot,  as  far  an  the  spine  is  concerned.  In  our  opinion  the  cervical  spine 
lo  the  most  vulnerable  part  in  F-16  pilots  as  for  helicopter  pilots  it  is  the  low  back, 
Howouer,  readjustment  of  the  RHI.AF  FM.';  will  depend  on  further  Investigations, 

Together  with  oeparate  oelcction  of  figl^ter  and  helicopter  pilots  this  could  reduce 
the  rejection  rate  of  CEP's. 

5.  Finally,  performance  of  the  examination  by  use  of  image  inteuslfier  radiography 
can  markedly  reduce  radiation  exposure. 
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DISCUSSION  OF  SESSION  V  -  MEDinAI.  SELECTION;  THE  SPINAI,  fOT.UMN 

( Papers  40  and  41 ) 

DR  ALNAES  (NO) 

Maj  Van  Dalen,  what  is  your  protocol  for  follow  up  radio^aphy  of  F-16  pilots  that  you  now  have  ba-.c  line 
X-rays  on?  When  is  the  next  time  that  you  have  a  look  at  those  cervical  spines? 

AUTHOP'S  REPbY  (MAJ  VAN  DALEN  (NL)) 

We  plan  for  the  pilots  to  return  for  another  X-ray  examination  after  6  years  unless  anomalies  or  disorders 
are  found  that  require  an  earlier  follow  up.  All  the  pilots  with  oervioal  disc  pBtholo(;\'  and  osteophyte 
formation  come  back  every  year  for  a  picture  of  the  cervical  spine  to  see  if  the  osteophytes  have  increased 
in  size.  I  think  that  when  the  increase  in  osteophytes  has  narrowed  the  spina!  canal  to  14  mm  wr-  should 
reject  the  individual  for  flying  the  F-16.  There  is,  however,  little  in  the  literature  about  this  subject  and  we 
arc  still  a  little  unsure.  We  are  conducting  biomechanical  studies  in  ItoHand  to  sec  where  the  weak  places 
arc  on  the  cervical  level.  We  hojic  to  be  able  to  answer  the  serious  ouestlon  -  can  high  C  strain  produce  an 
acute  avulsion  fracture  of  an  osteophyte  on  the  rear  surface  of  a  vertebral  body’  Is  that  possible  or  not? 

DR  nUHAS  (FR) 

Regarding  cervical  disc  disense,  it  is  well  established  that  plain  X-ray  findings  do  not  correlate  well  with 
clinical  problems  and  I  wonder  how  valid  is  this  straight  X-ray  examination? 

AUTHOR'S  REPLY  (MAJ  VAN  DALEN  (NL)) 

It  Is  indeed  true  that  you  nan  tiave  severe  cervical  disorders  like  disc  pathology  with  osteophyte  formation 
without  any  symptoms.  We  have  many  pilots  with  very  advanced  disorders  who  have  no  symptoms.  We  don't 

know  where  the  disc  pathotogv  has  broken  out  -  is  it  on  the  lateral  side  of  the  vertebra  or  on  the  posterior 

sufacc  where  the  nerves  are?  However,  although  the  spina)  cord  can  adapt  to  some  AP  narrowing  of  the 
spinal  canal  without  apparent  interference  with  function,  a  sudden  gross  reduction  In  the  width  of  the  canal 

will  produce  compression  of  the  cord  with  severe  neurological  symptoms.  The  problem  with  which  we  are  faced 

i.s  the  possibility  that  during  flight  when  an  F-IR  ollot  Is  expo.sed  to  very  high  D  the  eervieal  cord  mny  be 
suddenly  compressed. 

COL  VAN  DEN  RIOGELAAR  (NL) 

I  would  like  to  comment  on  Dr  Van  Dalon'.s  remarks.  Fighter  pilots  flying  in  the  rear  scats  of  dual  control 
aircraft  report  that  when  the  pilot  In  the  front  seat  applies  O,  even  only  4-5  fl,  without  warning  he  may 

suffer  a  sudden  deflection  of  the  head  so  that  the  pilot  really  strains  his  neck.  Now  if  this  Is  the  neck  of  a 

pilot  without  any  clinical  complaints  but  with  a  very  narrow  spinal  canal,  damage  to  the  cord  could  well 

occur.  We  know  that  6(1%  of  our  F-16  population  regularly  have  neck  problems  for  which  they  see  a  flight 

surgeon.  This  (s  a  very  critical  area  and  we  are  very  worried  for  the  future. 
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RESUME 


Nf'iif  pildt.f's  d#-'  combat  ont.  suivi  »ifi  futca  t  n«*ni<‘nL  physique  spec;  i  f  i  qiii- 
a  base  cle  musculation  rn  viie  d  *  ame  1  i orer  leur  toicrancc  aux  i'or  tes 
accelerations.  La  validation  dc*  c.et  <*ntra  i  nemont  a  etc  rcchci  dice 
par  ties  tests  en  ce»itri  1  iigeusc .  Lt.  gain  do  tolerance  objective 
pent  o^r’o  attribuo  respect  iv'crment  ou  con.jointemont  a  I  '  »*ntra  i  neinent, 
a  1  '  ad.ipt-at  i  on  a  ia  f  i  f  iigc-iise  et  a  nno  me*  i  1  I  cui  i*<‘  <-l‘i  i  Cttci  to  des 

maiioeiivre.s  typo  Ml. 


iMIRQDlKIllM  : 

Volant  Kur  les  .ivions  do  combat  de  la  nonvejle  generaticMi  (type 
MIKAbb  2U0U),  los  pilotes  sont.  soumis  lor’s  dc*  eortaines  phases  di.i  vol  a  dees  acci  lera- 
t.  ions  soutemio-s ,  <!<•  bant  niveau,  variant  rapi  dement  en  sens  c*t  on  int.ensite.  Dans 

ces  conditions,  les  seuils  classiques  d'apparition  des  troubles  visueJs  (voiles) 
sunt  rapidoment  atleints  voire*  memo  depasses  ;  d«*.s  perries  de  conna  i  .ssauco  brutale.s 

sans  sigties  precurseurs  pocjvent  survenir',  des  petechjes,  des  troubles  du  ryt.hme  cardia- 
que  et  des  ce  rv  I  ca  1  g  i  os  ont  pii  ctre  observes. 

Pour  ameliorer  la  tolerance  des  pilotes  «  cette  ccrjtr’a  i  nte ,  on 
a  chert  he  a  ameliorer  le.s  moyens  de  pr<»tection  rlassiquc.s  :  pantali>n  atiti-g,  siege 
i  nc  1  3  nc  ,  manoeii vi'»*s  <r  ant  j  c  i  pat  i  on  vf;l  onl.a  i  res ,  manoeu vrirs  re.spi  ra t  i  j  t's  c tc  ,  .  ,  1  ous 

ces  moyens  ont  une  eTficacite  cert.iine  et  prouvee,  mai.s  il  apparajt  quo  Je  niajntien 
d'uiie  bonne  condition  physique  et  tin  entra  inement  specifique  constituent  dr*s  atouts 
i  nd  i  spensab  1  es  •  Ce  type  d '  ent  ra  I  nement  u  etc  dofiiii  ct  rriis  au  point  ;  on  a  cherche 
a  le  yalider  par  on**  experimentation. 

PRIWCIPES  DE  L'ENTRAIHEHENT  ; 

Inspir-e  d*‘S  tr’avaiiK  d'KPPKK.SON,  <;et  enti’.iTnernr*rit  a  pour  p:  iiicip** 
d'a.ssucirT  a  line  pi-eparation  physique  geiierale  des  exercices  speci  f  i  qu**H  «*t  une  gymrias- 

tique  vertebra  l(r. 


1  -  Preparation  phys  iquo  g^i>6rale  :  e'est  une  preparatiun  de  base 
visant  a  amr  I  iurer  les  qiialites  d  *  endurance  :  I'organisme  trnvaille  <-n  aerobio.s** 
en  «cnjt«'nant  ties  et'foi’ts  d  '  i  n  t  e  n  s  i  t.  e  f  a  i  b  1  e  p**ndaiit  des  temp  >  assez  longs.  Dans  eette 
opt  i  que ,  plusiiMirs  variantes  peuverjt  et»*«»  pr«>p*Asee.s  :  footling,  ski  de  fond,  riat.ation 
etc,.,  yrlle  que  suit  ia  modalite  chois.if,  cetle  prcpoi-ution  doJt  80  faire  t^ri  delK»i-s 
do  tout  o.sprit.  de  rompetition, 

2  -*  Preparation  physique  ap^cifiquo  ;  ell"  a  pour  but  d '  ame  1  i  orer- 
Iff.s  qualites  de  r^wi  stance  musculairo  h  dos  efforts  .S4fii(.f‘n\i.s  cl '  i  ntens  i  te  forte*,  1  'orgn- 
ril/*mo  travaillant  on  aiiaorob  j  ose .  tes  cxorcices  interessent  la  plupart  de.s  gi-ands 
groupos  muHculaires  pouvant  amelioj'oi’  I'erfieaeite  d**s  mariomi  vruoi  I’trspi  ra  lo  i  tes  du 
typo  Ml  et  assurer  u; .  mejlleur  haubaiiage  do  la  colorino  vcrtebrale. 

3  -  Gy^naatique  vert^brale  ;  son  but.  est.  do  devolopprr'  Ja  muscula- 
tuit'e  para  vertebra  I  o  afiri  dr*  minimiscr  l#?s  rac.hialgie»  uot«*immerit  c»*r  v  i  ca  1  es  . 

EXPERlMENTATtOH  : 


Mi.s  au  pc>int  avec  la  co’l  1  aborati  on  do  quolqurs  pllotou  el-  d'un 
rioniteur  des  sport.s,  ce  programme  d 'ontralnement  a  fait  I'ubjet  d'une  »*xpei  imentati  on 
pour'  en  valider  1  '  o  f  f  i  c  ac  i  to  . 

1  -  Su  jc*^  !  Neuf  nil  .os  ont  partieipo  a  1  '  expor  i  mentav  i  on .  Tons 
volontaires  et  trfcs  mol.  Iv6h  ,  ccs  pilotes  cadres  moriitcurs  d'urie  unite  d '  enti’a  i  nem'*nt 
au  coitibat^  avalout  en  moyonno  l800  hcnims  de*  vol  ot  etaient  Sgos  de  ans. 

2  “  Entrntnenent  x  suivariL  leisi  principos  ^nonces  proccdcimmerit , 

il  comportnit  :  ~~ 


I®/  un  footing  cardi ovascu  1  a i  hebdomadal  rt?  ;  effectue 

erj  df'contracti  on ,  a  petit.s  pas  rythmes  par  la  respiration  sur  une  distance  de  5  km 
onv i ron . 


2®/  de.s  exercicos  musculairos  executes  dans  une  sal  Jo  specia- 
Irmeiit  amenagee  a  raison  de  deux  seances  par  semaine.  Cha<iiie  seance  comporte  la  repeti¬ 
tion  de  10  cxercices,  chacun  consistant  on  trois  series  de  10  muuv ements ,  effeciues 
selon  une  cht‘onologie  bien  codifiee.  L' appel  I  ation  de  ces  exercices  est  la  sui- 
V  a  n  t  c  : 


1  . 

TRACTIONS 

OES  BRAS 

PCBOUI 

i . 

FICKIOIS  »R*S/A«A*T-aR«S  I 

2  . 

OEVlLOPPe 

COUCH  E 

7  . 

EXTENSIONS 

rrrs/rvrrt-brrs 

3  . 

RENVOIS  AUX  BRAS  Pt  lES 

B  . 

EXTENSIONS 

jarbc/cuisse 

h  . 

TRACT  IONS 

DES  BRAS 

PE  RCHE 

9  . 

EXTENSIONS 

CORPLETES  JARBE/CUIASE 

S  . 

TRACT  IONS 

A  R  R  1 1  R  E 

ASS  I  S 

10. 

ASDONINAUX 

Pou  r 

chaqiu*  < 

x<*ri;ic<*  un  poids 

max i mum  de 

charge  add  j  t  j  onne 1 1 e 

esc  dtUird.  (!et,te  cliarg**  function  du  poids  du  sujet,  o.st  atteintc  prugressi  v<*ment 
en  10  semain<‘.s  en  respectant  iin  tableau  de  marche  precis,  i' initiation  a  cett-c  muscula¬ 
tion  et  If*  suivi  (Jf  1  '  entrai  nement  sont  oonfies  a  un  njonil«?ur  specialise. 

.1®/  ijri<‘  gymnastique  vertebrale  consistant  r-n  quclques  niouve- 
ments  d'ansoupl  is.S(*ment  c  1  ass  i  ques  executes  quot  i  d  i  ennoment .  Le  tableau  ci-dessous 
recapitule  Ics  caracter i st i ques  de  cct  entrainement  : 


TYPE 

ENTRAINEf€NT 

BUT 

RECHERCHE 

RECOfWNDATIONS 

FREQUENCE 

DUREE 

E  og  1  1  R« 

ENDURANCE 

ALLURE  RODERCE 

1  i  2  FOIS  /  SCNAINE 

1  KEURC 

NUSCULAT ION 

RESISTANCE 

PUISSANCE 

PROCRCSSlvnF. 

REGUIARME 

2  FDIS/SERAiaE/3  ROES 
PUIS  I  F0I$/SERA1RE 

1  HEURE  IS  /  SEARCE 

CYRRAST I0U€ 
VERTEBRALE 

HAUBARAGE 

VERTEBRAL 

REGULAR J  IE 

IS  RIBUIES  /  JOUR 

3  -  Crit^r^B  d  *  appr6ctation  :  pour  objective!'  1'efficacitr  de 

1  '  (Uit,  ra  i  nement  sur  )a  toler'anc«'  aux  .iccc  1  erati  ons  ; 

1*/  tests  en  refit r  i  fugeuse  ;  deux  tests  ont  ntf*  effectiies 

ail  Laboiat.o  i  re  de  Me<Jecin<!  Aerospat  i  n  1  »*  T1  <*t  1*2  avaiit  ct  aprers  10  s<*inairics  d  '  luit  ra  T  ru* - 
merit,  sperifique.  Les  pilotes  etaient  porteur.s  de  pant.alon  anti-g  et  le  siege  nacelle 

t'tait  incline  a  iS*'.  On  a  ut.iliwe  la  i  que  du  '-GOK*'  i  a  c  ce  I «' rat.  i  ons  de 

^»J  g/sctfjnde.  ba  fin  de  l'«pr'euve  etaif.  <l«>cidee  soil  fjar  le  nujet.  lui-meme  lorsrpi'jl 

pen.sait.  avoir  atteint  la  limite  de  tolerance  volontair-  maxima,  suit  par-  I  ‘  ex  per  i  men  t  a  ~ 
teiir  1  ur.squ '  une  nmputat.  i  un  de  >0  %  du  champ  visuei  pf*r- i  phei*  j  qm-  etait  constatee 

ou  a  1  '  appar  i  t  i  on  eveiituelle  dr*  tr'oubli’s  du  rytlime  cardiaque. 

I, a  veillc  (jc  chaqne  ti'.st-,  1  r*s  sujr'ts  etaieiit.  fami  1  i  a  r  i  ses  avee 

la  *  eiit  r j  fugr'use  par  deux  lancements  effectues  san.s  pantalon  anti-g,  avec  une  aocelt  r  a- 

tiori  de  0,3  g/seconde  justpi'A  uno  mise  cn  plateau  d'une  iniriute  y  3  et  5  g* 

2 * /  Parametres  physiul ogiqm  s 

tests  im  a  suivi  1 'evolution  de  ? 


Au  cour.H  des  differ’ent.s 


5 


On  observe  dans  1  es  deux  situations  utie  acce  J  crat  ion  (.lassique  de 
la  I'requence  nardiaque.  Dion  quo  |>arLant  d'uno  valrur  de  repns  plus  elevee,  cette 
augmentation  de  rythme  parolt  plus  importante  lors  de  T2  et  unc  difforenoe  significative 
est  tnise  en  evidence  pour  a  pen  pres  tons  les  niveaux  d '  accel  orat  ion , 

*  Pression  arterielle  systolique  et  di  astol  i  qiu;  ;  lo 
calriil  n'ayant  pas  mis  en  evidence  de  "difference  sTgni  Flcati^ve  eiitie  tT  et  T2,  les 
resultat.s  ne  sont  pas  detail  les.  On  retiendra  seulemeiit  : 

-  en  ce  qui  concerne  la  pression  systolique  elle  evolue  en  moytuine 


T  1  :  repoa  :  12,4  cm  Hg  ^  0,63-.--  8  g  :  i9tl  cm  Hg  t  0,96. 

T  2  ;  repos  :  J2,0  cm  Hg  ♦  8  g  :  l8,8  cm  Hg  +  1,2Z. 

Pour  tous  los  niveaux  d  ‘  acce  lerat  i  on ,  ies  valeurs  de  la  PA  systoliqiie 

a  T2  sont.  toujours  leger’ement  inferieui'es  a  cellcs  de  fl. 


est  comparable  : 


en  ce  qui  coticerne  la  pression  diastolique,  son  evolutir>n  moyerine 


T  1  :  repos  :  7,4  cm  Hg  +  0,74***-  8  g  ;  t3,3  cm  Hg  +  1,89. 

T  2  :  repofi  :  7,22  cm  Hg  +  0,67.-.  8  g  :  11,8  cm  Hg  +  2,25* 

(Jn  observe  one  augmcnt.iti on  progressive  de  la  PA  diasLoliqiio  et, 
les  valeufs  de  12  sent  toujour-.s  legeremont  i  nf  er  i  eiirtJS  a  ceilc  do  T1  . 

*  Saturation  artcrielle  02  :  il  n'existe  aucuno  differen- 

ee  s  ig.i  i  f  i  cat  i  ve  (Mitre  Tl  ct  72.  "On  retiendra  que  la  saturation  a  rtcri  o  1  1  e;  (Ui  02 
baisso  prugreijsi  vement  on  fonction  du  niveau  d  ‘  acce  lerat  ion  j 

T  I  :  ropos  ;  97.4  %  +  1,33 10  g  :  80, 2S  *  .  8,S4. 

T  2  :  repoK  :  99,7  %  +  I,l6 10  g  :  85,8  %  •»  5,9- 


*  champ  visueJ  :  on  a  siiivi  1  ’evolution  du  re  t  rfu;  i  sse- 
meat  dn  champ  visu**!  ptu' i  pher  i  quo ,  Kn  I'absenci?  de  difference  significative  entr«i 
11  C't  T2  viij  retienUra  que  ; 

T  1  :  le  champ  visuel  r-e.stn  iiichang('‘  jusqu’.H  4  g  ;  une  amputation 

cOfiim(Mir;e  a  se  de,ssiri<?r  par  la  suite  ct  champ  se  recluit  a  164'',,!  +  21, b  a  partir 

de  7  g. 

T  2  ;  I'integrjte  du  champ  visu<*l  esi,  conseivec  jusqu’a  6  g  ;  par 
la  suite  on  oh.sei-ve  un  rcftreci  ssement  progrossif,  Ic  champ  couvro  encore  +  1 4  > a 

9  g. 


Discussion 


Ces  re.sultnt.s  app<*llont  les  cummemta  i  i'(?s 


stiivant-s  ; 


•  (’n  ce  qui  coriceine  les  tests  4‘n  cent.r  i  t’ugeu.s<? ,  on  pent  rt,r(*  sijrpris 

di-  con.stater  que,  an  d«*part,  ( 'i  *  )  tons  1  e.s  suj«.*t.s  out  une  toleranC(-  <*Jevee  mix  accelera- 
t.iori.s.  11  taut  rappeJei"  (pie  ces  siijeL.s,  ti>us  v(7 1  ont  ;  res  »‘t.  tres  motives,  faisaienl', 
j>artii-  d'lme  uriHi'  spec  i  a  1  i  see  ii  }  '  ent  r‘.i  1  iienn- ut  au  comb.if,  <'t  ♦•tjii»M»t  des  ''prof(  ss  i  (^nrie  1  s 
du  g"  .  Mulgre  ce  riivfuiu  de  refpr(’n(;e  elrvee,  on  constat.**,  lors  (Je  12,  une  amt- 1  i  c^rati  on 
sensible  et  ,s  i  go  i  f  i  c;a  t  i  v<?  de  la  t(;  1  (' ranee  aux  .icce  I  (^rat  i  on.s  (*,33  g  en  noy(*ntiH  )  , 

en  ce  qoi  coiu:«'rne  les  parametres  phy  s  i  o  1  og  i  ques ,  1  'etude  de 

leur  ev(jlut,i»>n  iTjof»t,i'e  qii  '  i  1  exist**  une  differe.ice  entr**  'M  et  12  mais  cett<^  difference 
n'e.st  jamais  «  i  gn  1  fi  eat  i  ve  ,sauf  pour  l.a  frequence  cardiaqne. 


Oans  ces  C(7ndilifjns  on  peut  fo»iFiul«»r 
p(jui  expliqijer  J  '  ame  i  ior/ition  dr  la  tolerance  eri  C(-*nti’il'u 


^pa  I  emeril.  deux  hypothesf*; 
II  peiit  s'ag-tr'  : 


,  s(7it.  d'une  adaptation  pliysi  ol  og  i  cpie  reelle  mais  les  prirametre.s 
0r1regi.st.7rs  he  perrnettent  pas  de  verifier  c«»tt(‘  e  veiitua  1  i  te . 

.  s.jit  d'une  adaptation  de.s  siijet.s  a  la  technique  tres  parti  nu  J  j  ore 
de  la  oeiiti  i  fiigeuse  ;  fiub  j  tuati  oil  ou  appr*ent  j  ssage . 

bans  l(rs  deux  cas,  il  est  p<>rfni.s  d'('voguer  une  efi'icaolte  accrue 
dans  1  '  exeent  i  (311  des  marKjeuvee.s  r'Cspi  ratoi  res  poiivant.  et.r#*  due  njissi  bion  a  I'entrainc- 
ment  ftpeciri(iu(‘  qu'a  o/u*  accoiitumance  a  la  centrifugeu.se. 


I- 


f 
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COtICLUSIONS  : 


,  ,  Aprils  i.n  .-nt  t-.-,Tri<:nii-nt  spor- i  l' i  qiu-  assor  i  ..iit  tin  foot  i  n>r  d.'s  i- v  c  rr- i  r 

<1.  m.isr.ilatron  eL  unr'  gymnasliq,,..  v.-r-t  .-.bra  I  ,  U-s  o  pilot.-,,  itr-,'.  I.U.m.-nt 

toleran.,-  a,ix  att:r- 1  .oat  i  oils  .  Log  .-riir-gi  s(  r-.-m.-nts  phyy  i  o  1  og  i  ipo-s  pifftt  oi-s  • 
Mcprinc,-  oa,-.l,aqio  pr-.s.sio.,  a  r  t i  1  1  -  sys.oliqo..  i-t  d  i  ast  o  '  i  cpl  ,•  lo-  1  i-.a  n  ,  ^ 

tavioi  d  iitu-  adaptation  oai-d  i  ovasiu  1  a  i  rp  poiwant  iitm  a  I'origino  do  oi-  gaii. 


<'o"tiT,  imn  oimplf  adaptation  ;i  la  oi-nti-i  liicfusi-  no  iiiit 
t  a  ic  .o'  taitsi-  f  a  voi- i  s  antf .  lino  .  ap.-r  i  nu-ntal  i  on  compUMon- 

ta,..  ava.  u,  glonp,.  tomoin  i-t  si  possil..,.  1  P,.  i  st  t  dps  p.P,.sjo„..  i-ii.-ithor 

p'-^—  ivft.cacit.  .vp..tnp.ip  is...tPain,:j-;;t 
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GPIHgEHUOHEa'Rlt  SUR  TAP^S  JWUI.AKT  UPdiS  LA  SEUX'T^ON  ET  U  GURVEILIANCE 
DE.S  PILOTES  D-’AVia^'S  A  UAU'm  PER^XjRI-lAtiCES  .PE  LA  RtliCE  AJlRlUiNE  BELOE 

par  I'ieJ  Cdt  0.  i-tcd  Cdt  J,  .yAoTfiSAEGL'n,  Mod  LtCol  P.  VAi.LilJIiOSGU 

Centre  Mndicai.  do  la  forco  Aerionno  Beige,  Rue  de  3  ^  Pu:^Ge  70,  1 '>30  liR''XE3A*ES  (BEj 

SO!  ‘itUlRE 

I'oue  lo6  piiotea  d-^  1«  Porce  AvTi^nn-a  Jbelg*  ,  d6ai^;nC'6  j>our  lour  convercion  sur  leo  avions  F-'i6,  £iont 
50\vnj.B  a  dots  o::fanenB  cardiovsacu^aireo  ct  reapirato.  eea  i  I'lm  d’ent.i'e-aux  cct  le  tout  d’effort  myximal  sur 
tux-i;^:  roul.int. 

Lars  une  preni^re  etude,  nous  avona  raostmble  les  fesultai-s  do  ce  cc  -sening  et  ceUx  d’urii  aerie  dt 
teato  effecluci?  oho7.  un  groupe  do  jeunen  cau^idats  elavoe-pilotce  ot  avono  pu  yicai  reolioor  one  oVoiuatior 
(le  1q  ca’iJacitC  acrobique  (^u^rtAX)  de  notre  p>ptiiation  bolge.  L* echantillon  eet  conatitu^  do  ')p6  perejmea 

d'ogea  dif/’ere-te  et  de  dogrc  d'entr^iner  .aii'.  varisblea.  Ghe?-  ciinque  individu,  la  90^HAX  mlkg  min^'ot  la  pente 
d ’accroisdcmoiit  de  lu  rnlkg  cnin  ont  ftr  mcaureea  pendant  l‘exerclce  :  ce  eont  dee  valeura  obeerveefl. 

Dans  une  eecoyide  etude,  ^0UiJ  avono  obeei've  l*effot  favorubJe  de  I’eatrainement  phyeiquo  rcgulie.  eur 
lea  rojultato  de  la  Apiroergonetriv^  aur  tapta  roulnnt  chea  un  groupo  \N  ^  20)  dr  pilotes  P-t6,  au\  av^it  onre- 
gintre,  iora  d*ui*  pr  rnisr  teat,  un  rotjultat  pou  ^levc  de  I^O^MAa, 

KATEhXEL  El  ME-ntODE3  '  .  ■  _  '  , 

Le  .“aaterldl  t-'-obniquc  utiliov  cooireiid  : 

-•  une  coicnne  de  apirnergom^trie  SIRET'NOST  FD  (SlEfifllS)' «.<-(7ipocfee  d'un  splronietre  clectroniqiis  ri  pncufio- 
tnchographc‘  et  d'un  ans'J.ys'eux  d'achydride  carbonique  J.  rayons  L‘<, 

-  w  anolysour  q'O^  iiLCKMAl!  01111  a  nyeteme  de  roeaurc  tlcctro'himlque, 

"  un  cloctrocardlogrephe  a  6  canaux  ELii-lA-SCllOt<ARI)tR,  ,  oc-cAi^-cte  A  un  eleotrocardioscPpe  a  4 

caneux  de  la  rJi^no  marque, 

•*  un  tapio  roulant  iiUIrrfOt,'  l8-54  dont  le  vitccac  varie  de  0  A  16  kir/h  In  nente  de  0  a  23  %. 

Lor  eppareils  procc'dcnte  Aonl  relioa  au  noyen  d*;ir.  convcrtino'-ur  onnlogAqua-digit^l  (a-O)  a  un  c^'lrulateur 
prograirtffiable  TiiKl'KCMX  En  effet,  ces  appsreile  d*enregi.«;trcxciit  doc  paren’-Hreo  indiHponf3wbl».-s  a  Is  flj)iro- 
orgoTj^trie  dec  sig»w/ux  £«rt^logi queo  vore  Ic  convertisccur  A-P|  qui  lou  t.rancfonrio  an  sortie's  digiUloa 

(outiutfl)  cn  v\!c  do  lour  introduction  dans  lo  calcuiateur. 

Lc  progri-wnc  de  spiroergomeT.i'ie  a  etf  mio  au  point  />or  It  »;6c)'--cin  Colonel  J.  CLii-iiJlT  (BB)» 

Ly  colibr/'tiQD  du  convcrti'jfiour  A-D  et  dec  appareilc  d'cnrcgictrement  cat  e<^fe{;tuee  selon  loo  principee  eui- 
vontc  :  2ec  vnl<'u:.'c  don  yorviey  digitaleo  (outputs)  conetituent  dfc  fo  -ctione  pluc  ou  moins  linoairoc  nsie  \n- 
connuefi  des  grond-rjurn  ^iccurceo,  c#a<d.  :  viteaae  d«»  dAronlentat  ct  pcr.tc  ta^.is,  tolu/.pc  oxpira toire  minutr?, 
<*onc<"ritr/jtioris  d'i  CO^  ct  d'O^  d.-jic  l*dir  cxpii*t*  La  forme  de  cheque  fonction  cct  d'gborti  efcoblio  rmpi, riquer-ont 
u  3*aide  Ja  gryinicurfi  coanucfi  .*  vitC‘'>ct'0  ct  pentoc  du  taplc  prociioiniet-,  Ji'dangec  g/.^eux  leterr/iinco  'd.  de 
volume  expi-i  to^re  alnule  A  I'tiidc  d^tmo  f-empre  d*ltolonn»igf.*.  Encui.l»^  ellf  cot  ‘  tidailn  cn  equation '<;lgc.— 
briquf?  AUivunt  unu  r.et;-)ole  de  ctutictiquir  connuc  cour.  lo  ncm  d'-  regrccaion  polynomi.  o.  Cette  mCthodc  foimit 
Lfcfi  coefficients  a- et».wor.nRgc,  qui  inlr:>duitB  dans  lo  progr^mf/io  d’cixiometi-loj  j^cmetvent  do  retrouver  luiu  gran- 
citur  d*entice  incoruiuo  a  partli  a'un  signal  digital  "obr^cree”  par  le  colculotcur*  bllo  permcl  or  outre  de  corri- 
g«*r  efficace..ieiit  Ion  diver-non  ‘sourcoo  do  mm-linearitc  danc  lea  rt-ionceG  do©  Hj'porhilo  d'enregieVrement  et  do 
trance, ificion.  La  veliditf'  do©  coC'fficionto  d*et.*ilonn«giJ  e#;t  or'^meut  v:*rifiec,  par  reiteration  du  programme 

d«*  Von  I’i  cation  de  la  caxibretion  <'2).  La  calibiation  doe  unalyo/uro  de  guz  L’cjffoctuo  au  moyen  dc  raclangon  do 
gaz  ^taloxtii  d-'.  grr.ndc  nreciaion  :  moio  5eH*2d*AiH  LlVsl'ILL  conte-naat  i  0  ,  ^"^2*  coucuntration  de  cgb  gaz 

nc  pout  verier  quo  dc  -  1  ^ 

J/D  ir.{.  thodo  npAroergeme  tri  quo  utilioce  cot  ccilc  -le  R.A.  BRUCE  (4)  avee  effort  mnyirjujl  gut  tapis  rou- 
lar.ti  Lc  oujf.'t  tcete  ofit  prt.-pcl^'ctiorjie  j>r»r  un  oxamon  cliniquo  cowplet  /  IOC  du  thorex,  EGG  au  ro//or  ct  den 
eprouveo  de  lo  fonction  rcfepi r&toirc  incluant  la  mesuro  du  roluvr.a  rooiduol.  Pendant  le  loot,  le  isujet  rcopir© 
t-n  circuit  ouvert  au  r.ovori  d*ur.  minquo  Mpi'llq-u';  hereto tiquement  «v«l'  ,1c  viyage* 

Lon  gaz  expiren  ©ont  rcco.lten  hnnu  lu  boc  c.elangeur  du  Sli5EG/iGbT.  La  charge  impoeoc  eu  eujet  cot  ai-f;rue-  to\-teF 
lun  troic  minutec,  sen©  in terruptloi/  do  la  course,  ruivar.t  In  proiocolc  do  R-A.  BRUGE.  La  progrensivitC  choi- 
r.iu  perw'^t  d^obtenir  uri  accrointemtmt  qur^ei-lincairu  do  la  consommation  d'oxygenn  (^G  )»  L’eprauve  est  ©rretee 
lorequc  1b  CQjwci.te  aerobique  mayumalc  C^U^/blXl  ent  attaint©*  Deux  critere©  phyaiologlquea  :  la  frequence  c.vi— 
diaque  et  le  quotient  rcopiratoli-o)  permettent  d^oppreclcr  oi  la  VU^EAX  cat  attcinte.  Touteo  lea  minutes 

de  l*cprruvo,  la©  paramutrew  jm;^Vflnta  ©ont  flifiche©  par  lo  rj^lculateur^ In.^charge  cn  watts  j  le  volume  expire 
par  fflinuio  (Vk>'.,'  an  litreo  min  IfiPO  ^  lo  en  litvec  min  ct  mlkg*’  r/iin"  STPL  :  lo  ffCO*  en  litre©  n.in'" 
fTPP  ;  !□  frequence  reapiratc'j  re  min  (Kf)  t  le  quotient  rcopirotoiro  (r^)  j  I’equivolent  punpiratoirs  (idi)  ; 
lo  frequence  cardioo”''  (i'C!  ct  le  fK'dlfJ  d’oxygdnc  en  ml. 

I 'etude  rltitifltique  initiolu  ert  ronlinee  our  un  cchontillon  do  156  individuh  de  C' xe  fnanculia,  com- 
pronant  sutini  bicii  den  sujotn  phyciquemont  'mfttroln''*e  quo  d'autreo  n'excrvnnt  un  ©port  qti'a  '.itre  occuric.njiel’ 
airiei  que  quelqueo  ccccntoircn.  Lnviro)»  lo  moitie  de  ^el  ochantillon  eat  cojjfllltuea  par  don  candidate  c.l6v<?«« 
piloted,  ct  I’outre  mo  i  tj  u  p»r  dcD  c'liididato  piloteo 

liEMUi/fAi?:  ET  [.atiGUSSIOU 

i>enK  notre  prorniero  etude  ( ly)  conoocrco  d  3  •*t«ibllej;emont  dc  normes  au  ttoy«n  d'un  ochar.LlUon  d«  136 
pernonflo©  d'oyen  diffirento  et  jif  di*rrA  d •antr&ine.Ttnt  v.-rishicGi  r»0Un  c-vono  obsrrve  If©  resUitat©  nuivantu 
dont  '  .'b  noyeniicn  (.%  -  iih  deo  parftmotros  ergotnotrlqucs  €^  biomoti-iques  uont  rnSaoTiblefl  dev©  ie  'fciblrcu  1, 

Motj©  t'Vvrje  compare  cc«  rvoultatn  ©vcc  ceux  de  H»A.  •iWIKiE  (I'VA)  et  Ue  iJ/iKi  JJi.L  HO  (TAIWAIO  util]sa74c  .‘.u  weme 
noir.odf  do  BdUOL  et  cOr/ipte  teuu  duo  di  f ference^r  d^ogo  «rt  dc  poide  entre  leu  treio  ccbahtl. ilonn,  la  c'.)rros[on» 
de.noc  aou'.'Z  bj^ine.  Un  nutic  rcmr>©re!.con  entre  nos  j’osultofcc  et  oeiix  do  Mfl*!!'’  •  e!  7'Oi’r  iOvl.  (13.'  uti- 

liKOJit  lo  tout  non  i.itcTrom|''4  Uc  TAYLOR  et  ceusC-u©  PATILA  .1,/,;  V‘i/JEIL  J..A*  et  MlLLO  R.V'.  (16)  utilieont  le  te«t 
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intcrz*orap»i  de  TAVLOR-MI.TCHELL  a  ete  rAaliaee*  T.ci  egalsXicnti  cosipte  tenu  defl  a'^yenues  de  I'Agc  et  du  poida 
dds  crhantiXlona  e.xamineaf  la  correapondance  cat  bonne  :  voir  Icr  Teblcaji  II. 
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TAE^AU^  11  :  COMFAIUISW^  hi.  5  £'rUl>£S  Ua  ’JAFIS  ROUWN'f 

mvaouhs  :  X  -  fiu. 


I'ar  un  pi'o^^ru.'anc  de  reKrcrjuion  rTUxti^lCi  ^ow/>  uvoun  con?*tto  qu*  ceuio  los  riramotreo  p'.'cds  et  (iC'^ 
etaif-jit  Ifififf’ievu  corr^luu^gvoc  lu  Vo^KAX  mlKg  win  tiUf.  re’Jl  parnr.o^ro  fl^;e  etalt  bien  corr<''.e  avec  \a 

pen'c  de  Ip  ^0^  min  *  Lf  o  equations  dc  r<jK(*croion  (n)  i;i  (h.  pHT-mottenc  do  caicuior  lo6  v^ileur.;  px  c-* 

ditefi  (nonnod/  de  notre  'JchentiLion  (l<  s  iy>}  t  vpir  3>  ToW.iuru  ilu 


r^'U^KAX  PkiiO  inlUg  ^min  ^  =-•  70,29-A/, aim)*  (a) 

PiiJTt  PJttib  Oe*^  gut's)  -  0,40b£  (Uiil<)  (b) 


TAiiUiAU  T'Xl  ;  mT  i>t  fa^bC^  A  LA  b.A.F-  j  H/W-lUU^  i/ti  WU;a';tTlUJ  IliOJi-lZS)* 

hot:  d^vioiy.'  D  (jtandardf:  r.'j&jdv-^llco  (Uiil)  tJ-iit  reimport;  vcritJit  ;  0,^75  m'ikf.  "^tnin  '  poiv  la  t'O^VIAX.  et 
frJkg  mill  jHi^ur  la^j^entc.  Cen  oqu.-3tj.ono  (a)  ot  (b)  t-'juveiit  ttrc  utllin*er  comjce  non  ec:  leuHi  valourt.  pro- 
dj  Lc-c  df;  OoJ'iAX  kg  ct  do  »b>  X  f>W<  jic-ivcnt  £t.re  adoptooc  ctnrnc  ^<'Uilr  Ini'orit'Ui'B  do  la  nortaalltr' 

i\><  0,05).  ^  ^  ‘  '  ^ 

Sur  Ic  neruf  echantillor.»  noue  avonr,  calculo  Ire  coi-rolo  t-l^nw  enlr*!  le?  voleu/  p  de  kg"  ob- 

serv^ee  et  Ion  valourn  ji’^AdHoe  BO.it  a  I’aido  de  notro  fon.nilo  (o)  bOit  d  l*uid!e  »U  la  for7iuj.c*^dc  pr^cilotion 
oorroo'pundor.tc  do  hHUCj';.  Loe  rcaultoti.  j-ewpccli  f»;  oont  ;  oo^if  fic*  <7it5  do  con  *.latxon  R  =  0,455  jv'vir  noue 

ot  H  u  0,405  i.^ur  iikUOb.  Corpte  trnu  de  1 'i;f>|«orlaiio*#  tie  liolie  echanti^.J  eni  nc*i  cor/'cl atj one  eont  Jjnutonrant 
tignlficati von  ;  I’OApocti V<’^r<*nt  i  p<  0,<AX,<'CKX>1  et  f  <  0,0<X>0001. 

Jjfifih  Ufi^*  eocoudo  t-tu je,  nour  e/uor.  ol'ocrvi  1‘offci  ce  1  ’ ent'i''iinemcirA  ,viyr/.l.quo  rcgiilier  our  lee  r4eul 
dt'  la  opj  rniii'/;o;rnl,riu  RUr  tuple  roul'cnt  (17).  Qvon/i  on  cfiet  ccvnetati  quo  choa;  lec  pi  .ettc  r-l6, 

phyolquemcnt  2^:*',  molne  fintraln/.-i;  low  douK  ijorawoi  no  i-rii^cipn^x  fU:  tpi  I  OQrftonLt.T'i  r  rinir-^^nl  ii  micux,, 

co/din-.vGru.M-al'oirc^  a  r^ovuij-  lb  -3t  In  puritc  d ’©cc.roie7.eEejil  tj*.  X'i  C^O,  rr.lkg*’' 

mill  ,  vtoi.i.tit  flot r.7n  ^.’.t  :? Afc'i'iivra  4  ceux  jel*5//*o  -U'ui.  l*fG  tiloLui  K.-1o  bi  cn  entrfjiri'^e-  ^ 

Lenr,  Ir  but  de  d''!non';r'<r  I'effct  fwvornbl'.  de  I’er.trair.orrtcnt  tbynioJc'*  un  gioupc  de  ^0  piloieij  /••-16  non  on- 
troii:6n  V  die  ocudir  do  franj.'-ro  iduo  nj/proSondie  (b)*  Or  f^roupc  ,  qui  .  Iurr  du  premier  to«t,  i.vuit  enregiotre 
d?;/;.  rtoUltat/i  !f}/*'1ioojoa  do  /»j>ir;e.vf;oriptri.ec  s  etc  i/iviti  nulvj-^  jj..  er.tralnnoent  f-fiynique  pc-ldnnt  au  Tjolna 
>'.ir  mri;/3.  Aprea  ce'io  iisno-le,  d&b  pijotte  oot  et-i  4  'm  noco/id  InEi  dc  api  roer 'omotn  o  nuj-  ''-pi.e  ro\<-r 

Ifirt*  l^:fi  dii/or^noOB  e,i  ticat'LVvt  ob-'jori’Aer.  on>re  2oa  rcwltnte  du  p,>uiiJ.or  et  du  c.ocoiifl  te-i/t  ct 

?iD»t  ccueifjnecw  daj.r:  ion  V.’oblfi/nix  IV  «t  V  et  Xft  figure  1*  (7)* 
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J.f'  Tableau  IV  indi^ue  lea  dif f^reTiCesi  expriweee  en  DSR,  ei^tre  moyennee  des  ecarte  cf^neta^os 
entre  laa  vnXeura  obaervees  et  predltna  dea  paraa4tr^e  ^O^^iAX  mlkg  nin  et  pente  de  la  alkg  miu  avant 
(ler  teat)  et  aptAe  entraijnenent  (2^e  teat)*  I^ee  valeura  prediteo  dec  paraa^tree  apiroergooetriques  ont  ete 
cnlcul^ae  a  l*aide  dee  Xciisulfta  de  prediction  (a)  et  (b)*  La^sinple  comparaison  dea  valeura  obaervees  dana  le 
Tableau  IV  asontre  un  accroiesemeut  de  d  Sb  pour  la  kg  et  de  %  pour  la  pente  do  la  VO  . 

Den  equations  de  regression  de  la  ^0^  eu  fonction  du  tetqps  t  aulvant  le  modele  Vo.  =  a.t  b  et  in- 
corporont  lea  valei\rs  noyennea  de  co^fiicient  de  pente  a  et  d*ordonnee  a  I'origiJie  ou  intercept  b  ont  ete  eta<- 
blieo  avazit  (lor  teat)  ct  sprigs  sntrainenent  (2^te  test)  :  voir  le  graphique  de  la  figure  L'influence  posi¬ 
tive  de  I'exitrainci  cnt  piiysioue  su'.  loa  prinoipaux  paraaetres  de  la  spiroergooetrle  eat  ici  bleu  illustree. 

Le  Tableau  V  eat  une  crtap-i raison,  avant  et  apres  entrainenent,  d*une  dizsine  de  parametres  physiques 
et  physiologiques  euaceptiblea  de  a'aoelioror  avec  l*excrcice  (2)«  1a  conparaison  des  ffloyeniies  de  ces  parame- 
tres,  avant  et  *pr4ie  enti^  jistnent,  par  le  tost  atatiatique  *'t"  et  sa  Table  peraet  d'6t||blir  un  tj^iage^parml  ces 
parem^tr^a  et  de  recoeusandax  lea  plua  algn^ificatifs  soit  «  la  Vu>IAX  obsarv^e  en  lalp  et  nlkg**  nin*  • 

C*  O'J  p  ■<  3,C5)  et  la  pente  de  la  ^0  «lkg  min  (•••  ou  p-^  0,001). 


CU^OLUSlOf^ 

lorsque  l^oil  dispose  de  1 'equiptment  approprle  et  quo  ie  groupe  de  mijeta  d  examiner  pan  trop 

ir.portant  le  tvat  s'-iroergoral-trique  t*effcrt  maximal  sur  tapia  roulant  demeure  la  nothode  de  ch(jix.  ^ 

Lefc  deux  ;xiran6trt-i  Imj'wr'.ent'i  pour  eyalue^  l*aptitude  cardlo-raapiratoiro  sont  la  Vo^KAX  mlkg”  min"  et  la 
pente  d'accrolasoiTif'nt  de  le  mlkg  min 

Roua  Hvonn  observe  une  bonne  concordance  entre  nos  reaultato  de  la  Vo^KAX  selon  le  protocole  de  Bruce  et  let> 
autreu  tecta  aimlla‘j.reb  (Tableau  IX). 

bans  une  etude  compl^entoirei  nouo  avon*(  obaervo  qua  l*entraijiement  physique  regulier  a  ainelior6  les 
rrfultatu  du  teat  epiroergomitriquo  sur  tapis  roulanc  d*un  groupe  de  vingt  pilotos  >'“l6  non  entraines  au  de¬ 
port.  Cette  amelioration  peut  etre  due  a  un  accroicaeni^nt  de  la  capacity  aerObique  dana  lea  muscles,  resul¬ 
tant  d'une  au0nentvtion  de  la  pcrfuolon  sanguine  avec  uxie  plus  grarido  difference  arterio-veineuse  en  oxygene, 
et  a  un  debit  cardiaque  eccru.  (b) 

teal  spiroergumbtnque  aur  tapj.s  roulant,  qui  determine  avec  ime  bor>ne  preciaioi.  ie  pouvolr  aero- 
bique,  pennet  en  outre  :  chcz  lea  sujots  a  pouvolr  aerobique  mediocre  (  <  X  -  1  IftR)  d'ameliorcr  le  degre 
d'entrainement  physique  et  cher  lee  sujete  a  pouvolr  aerobique  exccptionnel  (>  X  ♦  1  LSR)  de  reatreindre  leur 
entrainement  physique  aurtout  aerobique*  En  efXot,  ches;  cca  demiers,  des  etudes  recentes  (14)  ont  montre  que 
les  nv'.Jetfi  hyporuntroines  ont  un  rlaqur  accru  de  perte  de  connaiscance  lorfiqu*ila  sont  coumis  d  des  acculers- 
tlono  forteo  et  prolongooc  en  contrifugcusso* 

Vu  3 'erregiflcrcment  electrocardioccopique  continu,  ca  tost  noue  pennet  en  outre  rio  suivre  et  de  dece- 
If'r  des  troubleo  du  ryt^uoa  alosi  que  dec  alterations  dU  segment  ST  qui  pourraient  d^ontrer  une  mal.adie  coro- 
narienne  latente« 
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HELATIONSHIP  OF  CARDIOPUmONARY  FITNESS  TO  PLIGHT  PERFORMANCE  IN  TACTICAL  AVIATION 
G.  R.  BANTA,  LCDR  MSC  USN  and  J.  D.  GRISSETT,  Ph.D. 

naval  aerospace  medical  pesearch  laboratory 

NAVAL  AIR  STATION 

PENSACOLA,  FLORIDA  32503-5700  USA 


SUMMARY 

This  paper  describes  current  endeavors  to  identify  whether  cardiopulmonary  fitness 
can  positively  Influence  flight  performance  in  a  tactical  fighter  community.  Population 
analyses  of  experienced  and  student  Naval  aviators  present  evidence  that  the  U.  S. 

Naval  aviation  pilot  comniunity  is  in  an  above  average  state  of  physical  fitness  with 
less  than  average  coronary  heart  disease  potential.  Correlations  found  in  this  .study 
between  cardiopulmonary  fitness  and  psychophyaiologl cal  responses  that  occur  during 
ainiulated  and/or  actual  flight  operations  present  strong  evidence  that  flight 
performance  cou.ld  be  favorably  affected. 


INTROntlCTTON 

Numerous  studies  have  shown  a  direct  relationship  ot  cardiopulmonary  (aerobic)  fitness 
to  work  performance  (1).  One  with  good  cardiopulmoiwry  fitness  uses  a  lower  percent  of 
his  aerobic  power  for  any  given  workload,  cardiopulmonary  fitness  has  also  been  shown 
to  improve  cardiovascular  function,  reduce  overall  physical/mental  fatigue,  and  enhance 
cognitive  function  <2,  3,  4,  5!.  Additionally,  the  onset  of  cardiovascular  disease 
seems  to  be  lees  in  a  population  of  physically  fit  individuals.  The  incidence  of 
coronary  heart  disease  (CHD)  and  its  impact  on  the  U.  S.  Navy  and  Naval  Aviation  is  a 
growing  concern  (6,  7).  Discussion  of  risk  factors  such  as  hypertension,  body  fat, 
smokfng,  cholostcrol  Icv'cls,  and  lack  w£  exercise  are  ever  increasing  in  the  literature. 
Sudden  incapacitation  due  to  cardiopulmonary  disorder  is  a  serious,  but  rare,  event 
among  aviators.  Cardiopulmonary  disease,  however,  to  include  coronary  disease,  hyper¬ 
tension,  arrhythmias,  and  chronic  obstructive/restrictivc  diseases  produces  a  significant 
loss  of  highly  skilled  and  expensive  aviators  usually  at  the  mid-point  of  their  flying 
career  (8,  9) . 

Two  concerns  have  now  been  presented:  (1)  What  is  the  cardiopulmonary  makeup  of 
the  young  Incoming  aviators  currently  being  trained  who  in  the  future  will  be  flying 
our  Navy  high  performance  aircraft  (HPA)7  How  do  they  relate  to  the  general  population? 

(2)  What  is  the  cardiopulmonary  makeup  of  our  experienced,  yet  older,  aviators  presently 
flying  HPA  in  the  fleet?  How  do  they  compare  to  the  incoming  students? 

Assessing  cardiopulmonary  capacity  or  fitness  in  a  clinical/laboratory  setting  is 
not  new.  Assessing,  however,  any  relationship  of  aerobic  fitness  to  flight  porformarce 
in  aircrew  flying  simulated  or  actual  HPA  exposed  to  frequent  and  repeated  enyi  ron.mentsl/ 
operational  tasks  (such  au  excessive  +  G  loading,  high  pulmonary  demands,  disorientat.lon, 
extreme  visual  tracking  requirements,  'multiple  cognitive  function  demands,  etc.),  is  not 
well  known.  It  has  been  known  for  years  that  various  operational  exposures,  especially 
acceleration  and  disorientation,  may  affect  aome  physiological  responses  (10,  11) . 
Monitoring  of  these  physiological  responses,  principally,  heart  rate,  temperature,  and 
muscle  tension  during  flight  have  also  been  common  place  for  years  (12,  13,  14,  15).  What 
is  not  common  place  or  common  knowledge  and  is  the  purpose  of  this  study;  is  to  determine 
whether  cardiopulmonary  fitness  (aerobic  fitness)  has  any  influence  on  tliose  physio¬ 
logical  responses  and  what  that  may  mean  In  regards  to  flight  performance  (simulated  or 
actual)  in  naval  aviation  fighter  communities. 


METHODS 

To  date,  1)1  male  student  and  designated  Naval  aviators  in  the  age  range  of  21-40 
have  been  evaluated.  Eighty-four  of  the  subjects  were  student  Naval  aviators  going 
through  various  stages  of  training  at  the  Naval  Air  Station,  Pensacola,  Florida.  Twenty- 
seven  were  HP7'.  designated  Naval  aviators  assigned  to  fighter  aircr.^ft  squadiui.B  Naval 
Air  station  Oceana,  Virginia.  Test  protocols  were  devised  to  assess  cardlovjuimonary 
efficiency  in  both  laboratory  and  field  (squadron  spaces)  environments.  The  test 
batteries  consisted  of:  (a)  pulmonary  function  testing  to  assess  lung  capacity  and  rule 
out  obstructlve/rcstrictiVL  disease,  (b)  cardiovascular,  pulmonary,  and  metabolic  response 
during  maximum  treadmill  exorcise  (Bruce  protocol)  to  assess  aerobic  fitness,  (o)  blood 
ohomistrles  pre-  and  post-exercise  to  assess  coronary  risk  factors,  and  (d)  body 
composition  to  assess  ary  relationship  between  percent  body  fat  and  work  performance. 
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Following  comparison  analyses  between  groups,  correlation  apaiyaea  were  conducted 
between  cardiopulmonary  fitness  and  additional  psychophysiological  variables  identified 
to  be  significantly  associated  with  flight  performancoj 


Comparison  of  Cardiopulmonary  Fitness  jnd  Motion  Sickness  Susceptibility: 
Twenty-nlue  student  Naval  aviators  participated  as  subjects.  Motion 
sickness  susceptibilivy  was  determined  by  using  a  Stille-Werner  Rotator 
during  a  modified  Brief  Vestibular  Disorientation  Test  (16).  The  test 
consisted  of  a  constant  clockwise  rotation  at  18  rpm  with  eyes  closed 
and  head  tilts  against  the  direction  of  rotation  every  30  seconds  for 
a  total  of  ten  minutes  or  until  the  subject  requested  to  abort  due 
to  symptoms  of  motion  eicknesfi.  Spin  time,  heart  rate,  respiratory 
rate,  and  sir  in  temperature  responses  were  then  analyzed  in  relation 
to  levels  of  cardiopulmonary  fitness. 

Comparison  of  Cardiopulmonary  Fitness  and  Visual  Acuity:  Thirty-four 
student  Naval  aviators  were  used  as  subjects.  An  automated  vision 
test  battery  war  used  to  assess  central  and  peripheral  (static) 
acuity  and  peripheral  movement  detection.  A  Dynamic  Visual  Acuity 
testing  device  designed  by  Burg  in  the  1960a  (17)  and  modified  with 
Landolt  C  targets  was  used  to  assess  decreioent  in  visual  acuity 
with  increasing  targets  movement  velocities.  Analysis  of  relation¬ 
ship  with  cardiopulmonary  fitness  were  conducted  with  emphasis 
placed  on  tl'ose  dynamic  visual  envelopes  determined  tc  be  present 
during  operational  flight,  i.e.,  20“/Bec,  SO^/sec,  and  lio'^/sec. 

Comparison  of  Cardiopulmonary  Fitness  and  Heart  Rate  ReoponKe  During 
Ail  Combat  Maneuvers  (ACM)  Training  Flights:  Eleven  highly  experi¬ 
enced  Naval  aviators  flying  23  ACM  training  flights  on  a  Tactical 
Air  Corabxt  Training  System  (TACTS)  Range  were  used  as  subjects. 

Each  aviator  was  a  member  of  an  Adversary  squadron  designated  to 
fly  ACM  on  the  TACTS  range  during  training  of  fleet  squadrons. 

Aircraft  flown  were  the  A-4,  F-S,  and  the  T-38.  The  training  flights 
monitored  in  tliis  study  were  classified  as  high  speed  with  low  to 
moderate  G  loading.  Vising  a  three  lead  electrocardiogram,  heart 
rate  ren.ooase  was  collected  with  an  in-flight  solid  state  recording 
device  ( "Vitalog" )  every  2.5  seconds  from  pre-flight  to  post-flight. 

G  loading  for  each  ACM  event  (fight)  was  continuously  monitored 
and  recorded  using  TACTS.  Correlations  and  differences  of  lieai  t 
rate  response  were  assessed  for:  pro-flight  (includes  time  for 
dress  and  walk  tc  the  aircraft),  take  off,  transit,  ACM,  landing, 
and  post-flight  (includes  return  to  squadron  spaces  and  removing 
flight  gear) . 


RESULTS  AND  D.T.SCU6SI0N 

Mean  exercise  histoiies.  Naval  physical  fitness  test  results,  treadmill  duration, 
and  recovery  time  (Table  1)  placed  the  student  Naval  aviator  p  ;pulation  in  the  "outstanding" 
category  of  ovnrall  fitness.  .Metabolic  efficiency  during  progressive  absolute  wor)ring 
Including  max  oxygen  uptake  (Vo,  max),  jelative  aerobic  capacity  per  absolute  work  ratio, 
anaerobic  threshold,  and  functional  aerobic  impairment  (FAJ)  (IB)  demonstrated  an  above 
average  group  based  on  other  population  studies.  Pulmonary  function  revealed  average 
efficiency  an.i  lack  of  any  obstiuCLiVe  <ii  restrictive  disease.  Body  composition, 
including  grip  strength,  revealed  average  strength,  yet  lower  than  national  average 
percent  body  fat  ^19).  Coronary  risk  factors  utilizing  the  USAF  Coronary  Artery  Risk 
Evaluation  (CARE)  (20)  demonstrated  a  relative  risk  of  1.4  times  for  developing  coronary 
heart  disease  as  compared  to  a  population  of  equal  age  with  baseline  values.  This  value 
is  substantially  less  than  that  found  In  the  general  population  with  a  relative  risk  of 
3.0. 


For  a  population  close  to  10  years  older,  the  designated  aviator  group  was  not 
drastically  different  in  oveijll  fitness  from  the  student  aviators.  Mean  exercise 
histories,  Naval  physical  fitness  teat  results,  nwJtabolic  efficiency,  treadmill  duration, 
and  recovery  time  placed  the  designated  Naval  aviator  population  in  the  "good  to  excellent" 
category  of  overall  fitness.  The  most  prominent  differences  were  found  in  coronary 
risk  factors  ([)rincipally  smoking  history  and  age)  which  expressed  evidence  of  a  greater 
trend  toward  future  coronary  heart  dlse.ise.  Tho  Coronary  Risk  Factor  (CRF)  of  the 
designated  aviators  of  this  study  could  not  be  determined  due  to  the  blood  samples 
being  destroyed  in  transit  to  the  main  laboratory. 


CARE  assesses  the  risk  factors  of  age,  smoking  history,  systolic  blood  pressure,  and 
total  cholesterol  in  comparison  to  a  similar  population  with  no  risk  factors.  Any 
number  greater  than  1.0  represents  degree  of  risk,  wliioh  potentially  could  be  reduced. 
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Motion  SicknGiiB  Su3C9ptib.ilj,ty . 

Results  of  the  BVDT  deinonstraCed  that  there  Is  an  Inverse  relationship  between  spin 
abort  time  and  cardiopulmonary  fitness,  r  “  -.506,  p  <0.C1  (Figure  1).  Analysis  of 
heart  rate,  respiratory  rate,  and  skin  temperature  differences,  however,  revealed 
limited  differences.  Motion  sickness  symptoms,  i,e.,  nausea,  pallor,  sweating,  and 
sometimes  vomiting  are  associated  with  impulses  a» ising  within  the  chemoreceptor 
trigger  zone  (CTZ)  of  the  brain  and  by  indirect  stimulation  (stomach)  (11,  21).  If  a 
physiological  basis  is  to  be  identified  as  causative  factor  for  those  findings  vagal 
tone  enhancement  might  be  a  likely  candidate.  It  is  well  accepted  that  aerobic  fitness 
training  enhances  vagal  tone.  The  sensitivity,  however,  we  are  seeing  in  cardiopulmonary 
fit  subjects  may  be  due  rather  to  neurophysiological  conditioning  than  cardiopulmonary 
fitness.  During  the  course  of  physical  fitness  training,  an  individual  is  conditioned 
to  expect  certain  relationships  among  motion  sensory  inputs:  vestibular,  vision, 
pi oprioceptive.  The  sudden  unexpected  change  in  these  relationships  Would  thereby 
accent  motion  sickness  impulses.  Experience  seems  to  allow  for  motion  sickness  desensi¬ 
tization:  however,  very  susceptible  subjects  may  not  »>e  able  to  progress  far  enough  in 
their  training  program  to  acquire  thit  necessary  experience.  If  neurophysiological 
conditioning  through  fitness  training  is  a  causative  agent,  the  simplest  approach  may 
be  a  desensitization  program  directed  at  learning  new  motion  patterns,  l.e.,  new  sensory 
association  patterns  to  successfully  prepare  or  return  susceptible  crewmen  to  flight 
without  motion  sickness. 

Visual  Acuity. 

Statistical  review  of  the  relationships  of  cardiopulmonary  fitness  with  static 
vi.sual  acuity  parameters  did  not  reveal  any  significant  correlations  in  the  student 
Naval  aviator  ago  range  population.  Mean  Dynamic  Visual  Acuity  threshold  values 
(minutes  of  arc:  increased  from  1.69  +  2.50  at  20'’/sec  to  3.94  +  1.80  at  110  /sec 
representing  an  equivalent  visual  acuity  of  20/30  -  20/80.  Dynamic  Visual  Acuity  at 
angular  velocity  of  20  /sec  was  not  found  to  be  correlated  with  fitness;  however, 
dynamic  visual  acuity  at  50“/sec  and  llo”/sec  e:;preased  a  cardiopulmonary  fitness 
influence  (r  =  -0.40  and  -0,58  respectively,  p  <0.01)  (Figure  2). 

Visual  acuity  has  been  shown  to  deteriorate  as  the  angular  velocity  of  an  object 
increases  (22).  The  variation  in  ability  to  discriminate  detail  in  moving  objects 
initially  seems  of  little  concern  except,  in  the  conditions  of  high  speed,  low  level 
flight,  air-to-air  combat,  and  potential  mid-air  collisions.  Practice  on  dynamic  visual 
acuity  at  higher  angular  velocities  has  shown  substantial  improvement  (23) .  Considering 
that  cardiopulmonary  fltnes.s  may  also  influciiue  uynamic  visual  acuity  enhancement 
certainly  warrants  further  study  in  this  area. 

Heart  Rate  Response  During  Air  Combat  Maneuvers  (ACM)  training  flights. 

Ma;iy  reports  of  heart  rate  increases  during  take  off,  flight,  and  landing  have 
been  found  in  the  literature  that  date  back  as  early  as  the  1930s  when  heart  rate, 
systolic  blood  pressure,  and  respiratory  rate  data  were  collected  on  aviators  during 
aerial  acrobatics  (12).  Table  2  and  Figure  3  describe  similar  heart  rate  increases 
of  ttic  designated  naval  aviators  of  this  study  during  monitored  ACM  training  flights. 

As  a, population,  heart  rate  was  found  to  significantly  increa.se  from  starting  heart 
rate  ,  during  pre-flight,  take  off,  transit  flight,  ACM,  landing,  and  post-flight 
(P  '-0.05).  Each  flight  usually  had  two  ACM  events  while  on  the  TACTS  range.  The  mean 
G  loading  during  these  events  never  exceeded  2.0  G.  A  heart  rate  lag  was  usually 
seen  fallowing  the  G  loading,  which  was  found  to  be  correlated  with  mean  G.  This  lag 
was  most  significant  (P  <0.01)  the  first  60  seconds  following  each  ACM  flight.  A 
syranathetic  respo.nse  to  inersass  vaBouiar  tone  to  maintain  cerebral  blood  flow  following 
the  rapid  G  onset  is  moat  likely  the  causative  agent.  Centrifuge  studies  have 
identified  similar  findings  (24). 

Smitli,  in  his  study  of  heart  rate  response  during  takeoffs  and  landings  (25) 
observed  that  hc'irt  rate  response  appeared  to  be  similar  in  magnitude.  These  results 
prompted  the  conclusion  that  "for  the  same  amount  of  stress,  the  percentage  increase  in 
heart  rate  is  independent  of  subject  variability."  In  our  study,  flight  experience  w,ib 
common  and  type  of  ACM  flights  and  environmental  conditions  were  similar.  Therefore,  we 
could  assume  a  similar  amount  of  stress  was  present.  We  found,  however,  that  the  amount 
of  heart  rate  response  was  extremely  variable  among  the  aviators  in  all  phases  of  flight. 
We  also  identified  a  physiological  variable  that  was  different  among  the  group  and  tltat 
it  appeared  to  be  producing  a  significant  influence  on  the  heart  rate  response.  The 
variable  identified  was  cardiopulmonary  fitness  as  defined  by  maximum  oxygen  uptake 
c^'n  max).  We  found  that  heart  rate  response  was  inversely  correlated  with  cardio- 
pulTOnary  fitness  (Figure  4).  This  was  true  for  pre-flight;  r  -.595,  take  off; 
t  =  -.616,  tr.ansit  to  tha  ACM  range;  r  >•  -.601,  ACM;  r  =  -.565,  return  transit  to  base; 
r  “  -,604,  landing;  r  =  -.559,  and  post  flight;  r  =  -.601  (all  P  <0.05).  The  amount  of 
heart  rate  lag  response  to  ACM  though,  was  not  found  to  be  correlated  v.’it.h  .'arUiopulriioiiai.y 
I  i  Liiesu . 


Starting  heart  rate  is  defined  as  the  heart  rate  at  time  of  activation  of  the 
monitoring  device  during  flight  gear  doping. 
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It  is  diificuXt  to  determine  whether  a  relationship  between  heart  rate  response 
and  cardiopulmonary  fitness  means  anything  in  regards  to  aircraft  performance.  In  other 
words,  can  we  say  that  an  increase  in  cardiopulmonary  fitness  will  help  an  aviator  fly 
better?  soiifi  investigators  question  whether  cardiopulmonary  fitness  is  of  any  signif¬ 
icance  at  all  to  actual  flight  of  the  aircraft.  Heart  rate  response  in  flight  has  often 
been  used  as  an  index  of  both  physical  workload  and  mental  stress  (26,  27,  28).  If  wc 
were  to  ignore  mental  stress  we  could  feasibly  compare  heart  rate  response  during  each 
phase  of  flight  witii  a  similar  heart  rate  response  occurring  during  treadmill  stress 
testing  (1).  The  purpose  would  be  to  convert  the  recorded  heart  rate  into  corresponding 
estimated  oxygen  uptake  thereby  allowing  prediction  of  the  relative  aerobic  work 
(energy  cost)  of  performing  the  absolute  (physical)  work  occurring  during  flight. 
Attempting  this  approach  in  our  study,  however,  we  were  unable  to  demonstrate  t.he  same 
relation  with  cardiopulmonary  fitness  as  we  did  with  just  the  recorded  heart  rate.  This 
would  suggest  then,  that  the  "mental"  component  of  the  wor)tload  would  have  at  least  an 
equal  if  not  greater  weight  than  the  physical  component  in  producing  the  significant 
relationship  found  between  heart  rate  response  and  cardiopulmonary  fitness,  if  enhanced 
performance  capability  in  flight  is  demonstrated,  it  may  be  actually  a  sense  of  well 
being  or  self  confidence  derived  from  individual  fitness.  It  is  Interesting  to  note 
that  self  confidence  and/or  well  being  have  been  identified  as  prominent  results  of 
fitness  training  and  have  shown  to  be  positive  factors  in  enhanced  work  productivity  (2) . 

Unfortunately,  we  have  not  been  able  to  select  a  means  of  accurately  rating  pilot 
performance  for  each  flight  of  the  experienced  aviators  in  this  study.  In  view  of 
their  data  stress  test,  exercise  history,  family  history  of  coronary  disease,  and 
heart  rate  responses  in  flight),  however,  it  is  hypothesized  that  their  overall 
productivity  (flight  as  well  as  non-flight)  would  show  a  positive  relationship  with 
their  cardiopulmonary  fitness. 


COMChUSlON 

It  is  apparent  from  me  results  acquired  in  this  study  that  the  fitness  profile 
(cardiopulmonary  and  coronary  risk;)  of  our  incoming  student  Naval  aviators  is  of  liigh 
caliber.  Although  maintenance  of  a  similar  level  of  fitness  is  somewhat  less  in  the 
designated  aviators  10  years  older,  the  importance  and  consistency  of  maintaining  a 
"good"  fitness  level  appears  to  otlll  be  present. 

Comparison  analyses  of  cardiopulmonary  fitness  with  other  psychophysiologlral 
respuiibca  during  simulated  and  actual  flight  present  a  strong  evidence  of  a  favorable 
cardiopulmonary  fitness  influence.  This  influence  would  thereby  also  suggest  enhanced 
performance  during  flight.  Expansion  of  this  project  has  now  resulted  in  the  following 
additional  analyses  of  the  relationship  of  cardiopulmonary  fitness  to  flight  performance 
in  tactical  aviation;  (1)  a  comparison  analysis  of  cardiopulmonary  fitness  and 
cognitive  function  is  being  conducted  using  student  Naval  aviators  as  subjects.  Each 
Subject,  after  having  their  cardiopulmonary  fitness  identified  take  a  variety  of 
psychoirotor  teste  including;  comprehension,  analytical  tasking,  target  identification, 
short  term  memory,  and  reaction  time  analyses.  (2)  additional  field  studies  are 
being  conducted  that  include  in-flight  physiological  monitoring  of  HPA  pilots  during 
Carrier  laurel),  recovery,  and  multiple  flight  operations,  and  (3)  G-tolerance  of  those 
HPA  pilots  evaluated  tor  cardiopulmonary  fitness  will  be  identified  by  centrifuge  testing. 
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TABLB  1.  POPULATION  COMPARISONS 


Student 

Naval 

Aviators 

Designated 

Naval 

Aviators 

GENERAL  POPULATION 

Resting  Heart  Race  (BPM) 

63.3  + 

11.5 

63.5 

+  11.7 

72.0  (21) 

Resting  Blood  Pressure  (mm  Hg) 

119.1  + 

9.9 

121.1 

+  9.3 

120/80  (21) 

76.1  + 

7.7 

73.4 

±  5.7 

AGK  (Years) 

23.9  + 

5.6 

31.7 

+  5.6 

20  -  44  (31) 

HEIGHT  (cm) 

179.9  + 

6.9 

181.7 

±  6-5 

176.8  (31) 

WEIGHT  (kg) 

77.7  + 

8.5 

81.2 

±  5.1 

78.6  (31) 

BODY  FAT  (%) 

12.0  + 

4.7 

12, S 

+  4.4 

15.0  (19) 

*EXERG1SE  HISTORY 

732 

542 

NOT  AVAILABLE 

CORONARY  HEART  DISEASE 
(CHD)  HISTORY 

0.22 

112 

NOT  AVAILAHLE 

GRIP  strength  (kg) 

30.7  + 

6.8 

53.1 

± 

49.0  (31) 

SMOKING  HISTORY 

0.082 

162 

352  (34) 

FVe  (L) 

5.9  + 

0.8 

6.0 

+  1.0 

5.57  (29) 

FEVj^  (L) 

4,7  + 

0.6 

4.5 

+  0.7 

4.49  (29) 

FEV  (25-75)  (L/SEC) 

4.8  + 

1.1 

4.5 

±  !•’ 

4.87  (29) 

TOTAL  CHOLESTEROL  (ma/dl) 

180.9  + 

48.9 

NOT 

AVAILABLE 

2?0  (34) 

HDL  CHOLESTEROL  <mg/dl) 

48.8  + 

U.8 

NOT 

AVAILABLE 

44.0  (30) 

TC/HDL  RATIO 

4.0  + 

1.4 

NOT 

AVAILABLE 

5.0 

TRIGLYCERIDES  (mg/dl) 

81.2  + 

38.0 

NOT 

AVAILABLE 

104.0  (30) 

CORONARY  RISK  FACTOR  (CRF) 

1.4  + 

1.2 

NOT 

AVAILABLE 

3.0  (20) 

1.5  MILE  RUN  (MIH) 

5-5  + 

i.O 

10.2 

+  1.2 

11.0  (32) 

SIIUPS 

76.5  + 

13.6 

75.0 

±  23.6 

NOT  AVAILABLE 

SIT  AND  REACH  (IN.) 

4,6  + 

2.5 

2.5 

±  5-5 

NOT  AVAILAB.LE 

Vn^  MAJ(  (inl  •  kg'^.jitn”^) 

53.7  ± 

0.5 

AG.  7 

±  2’^ 

45.4  (IS) 

TREADMILL  TIME  (MIN) 

15.9  + 

1.7 

14.6 

±  1-4 

11.8  (18) 

ANAEROBIC  THRESHOLD  (2) 

61.7  + 

9.8 

62.7 

+  5.8 

NOT  AVAILABLE 

RECOVERY  TIME  (MIN) 

30.3  + 

12.9 

32.2 

+  13.3 

NOT  available 

**RELATIVE  AEROBIC  CAPACITY 

0.65  + 

0,7 

0.77 

+  0,08 

NOT  AVAILABLE 

FUNCTIONAL  AEROBIC  IMPAIRMENT 
(FAD  m 

8.0  + 

7.7 

7.1 

±  9-5 

HOT  AVAILABLE 

Exerclee  history  described  as  routine  exercise  2-3  times  per  weel  for  20  30  minutes  each. 

t* 

Relative  Aerobic  Capacity  la  the  percent  of  maximal  oxygen  uptake  (Vo  max)  utlJ.l*ecJ  at  Stage  4  of 
the  treadmill  stresH  teat* 


Functional  Aerobic  In’palrmeiit  (FAl)  Is  defined  as  the  percent  devlat.lon  between  the  oboerved  and 
predlctea  valu-:*?}  tor  VO2  max. 
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TABLE  2,  MEAN  HEAHl  RATE  AND  FLIGHT  PROFILE  DURING  AIR  COMBAT  HANEU'/ER  TRAINING  FLIGHTS 


START 

PRE  FLT 

TAKE  OFF 

TRANSITj^ 

ACM^ 

ACMj 

TRANS ITj 

I.AND 

POST  n.T 

HR  (BFM) 
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9A.9  + 

100.5  + 

91.1  + 

95.7  + 

99.3 

+ 

92,8  4 

106.2 

4  98.0  4 

9.5 

11-4 

28.2 

23.8 

70,5 

17,7 

20.5 

22.6 

15.8 

TIKE  (MIN) 

25.3 

2.0 

11,8 

4.6 

4.4 

12.7 

2.0 

1,5.1 

MAX  +  G 

4.62  + 

4.78 
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1.3 
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Range  ACM  fliglito  for  .1?  civlatora  during  23  flights.  FLT  preflighc,  *.  0,  »= 

raVe  off.  Transit  *  flight  Co  TACTS  range.  ACM  1  A  2  •*  Individual  ACM  events 
(tights).  Transit.,  '  return  flight  to  ba«e,  LD  -  landing.  Post  FIT  ”  post  flight. 
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{Pi',:orz  42,  43  and  ■14) 

A  in  Cl'.ur,  (iRNSriNG  (UKi  ■ 

If  I  insy,  I  would  lika  t:i  nix  out  fielf'isit  lolionyucs  «bo"f  tbe  increose  in  slope  of  oxypen  co'.juirptioii 
Hpolnst  time  on  the  trcBotnill.  H  npfx’Hrs  to  be  due  prime-dy  to  a  roduction  in  the  resllny,  ot.'ysan  cpn.^imptlon , 
of  the  subjects,  Kave  you  a.^y  ooinment  to  tuaka  on  this  observation? 

AUl'KOR'F  REPhy  (MRD  COT  PIHCJUIN  (fit-))  ,  ' 

Yss,  as  a  matter  of  fact  tre  hrve  observed  an  inereaso  o(  the  slope  for  uxygfti  eonsumption  but  we  ajvj 
tvOlove  tiiat  one  siiowld  not  otlneh  to.o  miiel.  importanee  to  the  slo(>e.  In  some  cubjeets  the  initial  volueii  of 
oxyv'Ri;  consuniption  wore  .wr^wjiat  liiyher  tht.n  those  of  fne  other  mbjects  due  to  hvpervenf ilation.  Thus  the-sc 
s'.ibjculs  started  froni  «  hiftl'i!!-  initial  valur-,  e.hich  stave  a  lower  slope  of  oxygen  consutrotion  with,  pxcreise. 

AIR  CDRV-  ERNSTINU  (CuO  ’  d 

I  would  like  to  r»ise  «  point  vhth  fir  I'irissett  Po  you  hnee  any  o.biet!iivo  evidence  Thai  it.ci-easini'  physical 
fitness  inertases  the  susceptibility  of  aircrew  to  motio.o  siokness  other  tiian  the  fruund  based  experirwnts? 
'Oierc  is  no  opuratitnal  experience  which  sugsesvs  an  increaa,.-  in  scsfieptibility? 

AimiOit-S  REPIY  ton  GRISStTiT  (US)) 

To  the  best  of  my  knowledge  that  is  enrreot.. 
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HYPOBASIC  TRAINING  OF  FI.IGHT  PERSONNEL  WilHOUT  COMPROMISING  QUALITY  OF  LIFE 

by 

ton  Hontelle  Herron,  Coiniitander,  MSC,  USN 
Hoad,  Aviation  Physiology  Department 
fli’vat  Aerospace  Medical  Institute 
Naval  Air  Station 
Pensacola,  Florida  32508-6600 


SUMMARY 

The  increased  incidence  in  decompression  sickness  during  physiology  training  among 
U.  S.  Navy  aircrew  personnel  and  medical  attendants  requires  a  search  for  alternative 
means  of  peri.iittinu  reccgnition  and  corrective  action  of  hypoxia.  The  requirement  for 
individual  hypovia  training  is  considered  valid  not  Just  by  Navy  regulations  but  by 
aarymedical  practitioners  throughout  the  world.  A  proposal  is  made  to  utllUe  a  gas 
mixture  consisting  of  7,vS  oxygen  ano  92.6*  nitrogen  to  induce  hypoxia  at  ground  level. 
This  would  permit  ground  level  hypoxia  training  with  similar  symptoms  of  hypoxia  as 
presently  demonstrated  at  25,000  feet  in  a  decompression  chamber  but  would  alleviate  the 
primary  cause  of  decompression  sickness.  All  other  U.  S.  Navy  training  objectives  for 
tile  chamber  exposure  would  be  safely  met  and  more  efficiently  demonstrated. 

The  initial  financial  burden  In  modifying  the  existing  decompression  training 
chambers  would  be  moderate  when  considering  development  and  manufacturing  of  a  new 
training  device. 

The  ultimate  gain  exists  In  decreased  human  suffering  and  the  necessary  return  of 
credibility  to  the  aeromedical  training  community.  This  Is  a  must  if  we  are  to  profess 
to  "QO  NO  HARM,' 


HISTORY 

The  Invention  of  (.lie  air  pump  by  von  Guericke  in  1650  allowed  the  first  simulat'on 
of  altitude.  A  moaltied  version  of  this  pump  was  made  for  the  renowned  Robert  Boyle  for 
stuj.yii(g  living  things.  Boyle-s  "The  Spring  of  the  Ai”,"  published  in  5660  contains 
accounts  of  a  multitude  of  studies  on  animals.  Later  In  1670,  he  described  xhe  now 
famous  ".  .  .  bubble  moving  to  and  fro  in  the  waterlsh  humour  of  one  of  its  eyes,"  when 
he  decompressed  a  viper  in  hii  ''Exhausted  Receiver"  (1).  No  attempt  seems  to  have  been 
made  to  subject  man  to  the  "tortures"  of  the  "exhausted  receivei,"  although  Boyle  wrote 
of  his  ambition  to  have  a  chamber  of  appropriate  dimensions. 


One  hundred  and  sixty-three  years  passed  before  man  was  the  subject  in  an  experiment 
using  Boyle's  copper  sphere  with  an  intermediate  rylindricai  section  large  enough  for  his 
subject  (1).  However,  It  took  the  genius  of  Paul  Bert  in  1S74  to  unravel  the  confused 
stories  of  balloonists  and  mountaineers  to  reveal  the  role  of  "oxygen  therapy"  in 
decompression  to  subatmospheric  pressure. 

It  was  in  that  same  year,  1874,  that  Gaston  Tlssandler  sought  the  advice  of  Paul  Bcri 
and  together  with  his  colleagues,  Sivel  and  Croce,  experienced  the  effectiveness  of 
oxygen  in  combating  the  disorder  of  altitude  induced  hypoxia  (1,2).  At  the  insistence  or 
Paul  Bert,  the  balloon  was  equipped  with  hags  of  oxygen  (2),  He  had  also  trained  the 
ballDortsts  in  the  use  of  their  crude  oxygen  equipment  in  his  decompression  chamber. 
Thus  we  have  the  first  documented  instance  of  aeromedical  training  of  aircrew  personnel 
prior  to  the  Initiation  of  an  altitude  exposure.  Un f or tu na te ly ,  only  one  year  after  that 
training,  on  April  i5,  1B75,  wn  also  find  documented  the  first  two  fatalities  from  acute 
alx'tude  hypoxia.  This  occurred  when  tins  same  threesome  piloted  the  balloon  Zenith  to  a 
terminal  altitude  of  28,820  feet  and  failed  to  utlliae  their  precious  oxygen  uiitil  they 
bad  passed  their  useful  conscious  time  (2).  ,  , 


Over  two  hundred  and  seventy  years  had  passed  from  the  experiments  of  »on  Guericke 
and  Robert  Boyle  until,  in  1941,  the  decompression  chamber  became  an  integral  part  of  the 
a er omed I ta  1  training  program  of  flight  personnel  in  the  United  .Rtates  Navy.  Today,  the 
Nuvy  ma'.ritair’s  fou-teen  decompression  chambers  for  the  express  purpose  of  aeromedical 
i ndoc t r i na t i on  and  refresher  training  of  candidates  and  designated  aircrew  personnel. 
The  training  objectives  for  the  chambfr  are;  (a)  demonstrate  and  experience  the 
objective  and  subjective  symptoms  of  hypobaric  hypoxia;  (b)  experience  the  effects  of 
Increased  gas  volume  on  the  cavities  of  tfie  body;  (c)  experience  and  demonstrate 
communicating  and  forced  breathing  against  positive  pressure;  and  (d)  practice  using 
personal  and  aircraft  mounted  o.;ygen  and  communication  life  support  equipment. 

The  standard  chamber  training  profile  includes:  (a)  thirty  minutes  of 
den  1 1 rngena t  i  on  for  medical  attendants;  (b)  ground  level  positive  pressure 
t> r»a t hing/commun  1  ca 1 1  on  demonstration  by  trairieet;  (c)  ascent  to  2j,000  feet  at  5,000 
.’’ect  per  minute;  (d)  one-ha1f  of  students  do  hypoxia  demon s t r a 1 1 ons  and  then  the  other 
,he!f  take  their  turn  while  no  one  remains  off  supplemental  oxygen  more  than  four  minutes; 
(o)  descent  to  10,000  feet  at  5.000  feet  per  minute;  andif)  slow  the  descent  from  18,000 
feet  to  ground  level  at  a  rate  of  2,500  feet  per  minute. 

The  first  accumu 1  a X i on  of  data  on  the  number  of  personnel  trained  in  the  chambers 
occurred  in  1959  j3).  Chamber  training  data  haa  been  coTVected  from  that  tine  to  the 


47-2 


k’ 


projent  (wUh  the  exception  of  1969,  1970,  1971  ,  ind  from  1  January  19  78  through  30 
September  19  78),  Since  January  1  ,  1959  until  September  30,  1984,  445,879  trainees  have 
experienced  the  decompression  chamber.  Each  chamber  flight  requires  that  a  minimum  of 
tno  medical  attendants  (either  physiologists  or  hospital  corpsmen)  remain  inside  to  help 
alleviate  dysbaric  discomfort.  Data  showed  100,318  medical  attendant  exposures  in  the 
chambers  over  this  same  time  period.  The  total  exposures  within  the  chambers  for 
tral.nees  and  medical  attendants  were  546,19  7. 


OECOMPRESSlCii  SICKNESS 


Disorders  resulting  from  decompression  chamber  exposure  are  generally  grouped  into 
either  trapped  or  evolved  gas  disorders.  Trapped  gas  difficulties  are  minor  In  nature 
and  are  generally  resolved  by  using  techniques  to  equalize  the  pressures.  Evolved  gas 
disorders  are  potentially  more  injurious  to  health  and  range  to  certain  forms  that  may 
result  In  death.  The  most  recognized  name  for  evolved  gas  disorders  is  decompression 
sickness  or  DCS.  It  is  believed  that  DCS  results  from  super saturat i on  of  body  tissues 
with  nitrogi”!  as  ambient  pressure  decreases,  a  situation  which  leads  to  bubbles 
deve'oping  in  the  blood  and  tissues.  This  supersaturation  is  due  to  the  relatively  poor 
solubility  of  nitrogen  in  tne  blood  so  that  the  rate  of  decrease  of  the  partial  pressure 
of  nitrogen  in  the  tissues  on  ascent  to  altitude  lags  behind  that  of  the  ambient  pressure 
(4).  The  U.  S.  Navy  considers  DCS  as  the  most  dangerous  element  of  decompression  chamber 
training.  Accordingly,  precautions  have  been  established  to  eliminate  or  at  least 
minimize  the  potential  for  DCS.  Specifically:  (a)  denying  chamber  exposure  to  trainees 
who  do  not  meet  demanding  medical  screening  requirements;  (b)  requiring  thirty  minutes  of 
preoxygenation  for  the  medical  attendants  to  assist  in  den i t rogena t i on ;  (c)  requiring 
100*  oxj  en  usage  throughout  the  chamber  ascent  and  descent;  (d)  decreasing  the  terminal 
altitude  achieved  during  any  chamber  profile;  and  (e)  decreasing  the  .'Maximum  time 
permitted  at  the  terminal  altitude.  Additionally,  excessive  physical  exercise  *s 
discouraged  prior  to  and  after  chamber  exposure,  and  aircraft  flights  are  not  authorized 
for  twelve  hours  post -decomprss s i on  chamber  training  to  an  altitude  in  excess  of  30, 090 
feet  (5),  However,  these  precautions  have  not  eliminated  nor  significantly  reduced  the 
incidence  of  hypobaric  Induced  DCS. 


TABLE  I.  COMPARATIVE  INCIDENCE  OF  DECOMPRESSION 
SICKNESS  IN  NAVY  LOW  PRESSURE  CHAMBERS 
PROM  1  JANUARY  1959  TO  3C  SEPTEMBER  1984 


Total 

Exposure 

No.  Cases 
of  DCS 

Incidence  (X) 

FURRY  (1  JAN  59-31  DEC  68) 

Students 

252,564 

266 

0.100 

Inside  Observers 

60,000 

35 

0.060 

Total 

312,564 

301 

0.096 

BASON  (1  JAN  72-31  DEC  75) 

Students 

65,736 

20 

0.030 

Inside  Observers 

13,345 

46 

0.340 

Total 

79  ,081 

66 

0.078 

FURR  (1  JAM  76-31  DEC  77) 

{ Unpu  b) 1  shed ) 

Students 

31  ,645 

10 

0.030 

Inside  Observers 

6,470 

20 

0.310 

Total 

38,115 

30 

0.078 

BASON  (1  OCT  70-30  SEP  81 ) 

( Unpubl 1  shed ) 

Students 

47,380 

39 

0.082 

Inside  Observers 

10,020 

48 

0.479 

Total 

57,400 

87 

0.152 

HERRON  (1  OCT  81-30  SEP  84) 

(Unpublished) 

Students 

48,554 

32 

0.066 

Inside  Observers 

rO,4B3 

30 

0.285 

Total 

59  ,037 

62 

0.105 

GRAND  TOTAL 

546,197 

546 

0.099 

I 


Investigations  by  Furry  (3),  Bason  (6,fl),  and  Furr  (7)  reoortcd  the  Incidence  of  DCS 
among  chamber  trainees  and  medical  attendants.  Their  combined  data  tracks  the  number  of 
DCS  cases  coroared  to  the  total  number  of  chamber  exposures  from  January  1,  1959  until 
September  30,  1981.  This  writer  has  collected  the  remaining  data  from  October  1,  1981 
through  September  30,  1984,  thereby  making  available  similar  data  for  a  period  of  22 
years.  All  this  data  (Table  I)  was  derived  from  the  U.  Navy  Aerospace  Physiological 
Training  Quarterly  Reports,  NAVMEOFORH  6410/3  (9). 

As  previously  stated,  there  were  a  total  of  445,879  trainees  exposed  to  altitude  in 
Navy  decompression  chambers  for  this  sample  period  of  22  years.  A  total  of  367  trainees 
experienced  some  form  of  DCS  during  this  period.  This  calculated  incidence  for  the 
trainees  is  0.08X.  More  simply  stated,  one  trainee  In  every  1,215  develnned  the  signs 
and  symptoms  of  hypobaric  induced  DCS.  With  an  average  of  1,689  trainees  per  month  being 
exposed  to  Navy  chambers,  approx imately  one  DCS  case  per  month  results  from  our  existing 
training  procedures. 

During  the  same  time  period,  100,298  chamber  exposures  were  accumulated  by  the 
medical  attendants,  with  179  attendants  having  been  subjected  to  hyperbaric  chamber 
treatment  to  resolve  the  classic  effects  of  DCS.  Calculations  show  that  OCS  incidents  of 
0.18)1  have  occurred  in  the  medical  attendant  population.  This  has  resulted  in  one 
attendant  experiencing  DCS  out  of  every  560  who  participate  in  chamber  training. 

The  combination  of  trainees  and  medical  attendants  who  havo  suffered  from  OCS 
results  In  646  cases  out  of  546,19  7  exposures.  An  incidence  of  0.099)1  occurs;  I.e., 
approximately  one  hypobaric  induced  OCS  out  of  every  1,000  people  participating  in 
decompres s i on  chamber  training. 

The  statistics  collected  from  the  various  investigators  through  the  years  1959  to 
1984,  demonstrate  a  trend  toward  increased  incidents  of  OCS.  Furry's  data  (3)  from 
1959-1968  reported  an  overall  incidence  of  DCS  of  .096)1.  Bason's  research  (6)  from 
1972-1975  showed  an  incidence  of  .078*  while  Furr's  data  (7)  for  the  next  two  years, 
1976-1977,  showed  the  same  incidence  of  .078*.  However,  Bason's  second  work  (31  from 
1978-1931  showed  a  marked  Increase  in  Incidence  of  .15*  with  the  major  impact  resulting 
within  the  medical  attendant  community.  The  remaining  years  from  1981  -1984  show  a 
continual  rise  In  OCS  over  the  years  from  1959-19  77,  but  a  slight  decrease  over  the 
three-year  period  from  19  78-1981  . 


il  VP  Ox  I A  ThAINING 

The  apparent  increase  In  the  incidence  of  DCS  among  medical  attendants  raises  an 
inevitable  guestlon  iii  the  minds  of  the  aerospace  medical  researchers.  Is  It  really 
necessary  to  expose  anv  member  of  the  physiology  training  community  or  aircrew  trainees 
to  altitudes  in  excess  of  the  normal  operational  flight  altitudes,  inasmuch  as  such 
ambient  exposures  are  rare  (8)7  The  Incidence  of  DCS  reported  here  suggests  that  present 
uecompi esslon  chambar  flight  profllwj  are  in  need  of  reexamination,  unless  DCS  is  to  be 
dismissed  as  either  a  necessary  risk  or  a  mere  "quality  of  life"  judgment.  Bason  (6) 
clearly  reflected  concern  for  the  hazard  of  DCS  when  he  reported  "Altitude  chamber  flight 
profiles  beyond  minimum  levels  acceptible  for  teaching  the  effects  of  acute  hypoxia 
cannot  be  defended  as  long  as  less  dangerous  avenues  are  available."  The  question  to  be 
airswered  is,  "Is  the  risk  of  hypobaric  induced  DCS  worth  the  training  achieved  by 
decompression  chamber  exposure  to  Induce  h/poxlaf" 

Other  military  armed  forces  are  beginning  to  weigh  tlie  risk  of  decompression  chamber 
training.  As  reported  by  Cramer  (101,  "Since  1966  the  United  States  Air  Force  has 
treated  586  cases  of  OCS.  four  hundred  and  sixty-seven  were  altitude  Induced  and  most 
occurred  in  training  chamber  situations."  An  exceptionally  high  ratio  of  United  States 
Air  Force  DCS  cases  appear  to  be  resulting  from  training  scenarios.  A  five-year  study 
ending  in  1981  by  Crowell  (11),  reported  69  cases  of  OCS  occurred  out  of  21,423  training 
exposures  (0.32*)  for  the  Canadian  Forces.  These  statistics  would  certainly  drive  doubt 
into  the  mind  of  the  most  libera)  of  chamber  operators. 

Making  o  correct  diagnosis  of  DCS  depends  greatly  on  the  history  the  patient 
presents;  therefore,  it  is  imperative  that  an  accurate  patient  history  be  taken  prior  to 
training.  Another  reason  to  decrease  the  opportunity  for  altitude  induced  DCS  is 
presented  by  Murphy  (12)  when  he  and  his  co-authors  reported  on  several  factitious  cases 
of  DCS.  In  one  case  at  least  a  dozen  hyperbaric  physicians  were  involved  by  patient 
examination  or  phone  consultation.  All  were  fooled  by  a  "classic  presentation"  of  DCS. 
Due  to  the  potential  severity  of  DCS,  the  experienced  physician  will  treat  first  and  ask 
questions  later.  Harding  and  Mills  (4)  commenting  on  the  predictability  of  OCS,  report 
that  "Finally,  and  as  of  yet  unexplained,  true  individual  susceptibility  of  OCS  does  seem 
to  occur,"  However,  consistent  and  repeatable  prediction  of  susceptibility  of  OCS  has 
not  been  defined  by  way  of  a  ciear-tul  process  whereby  hypobaric  training  activities  can 
employ  this  practice.  Couple  these  universal  statistics  surrounding  the  increasing 
incidence  of  DCS  with  the  apparent  change  in  training  philosophy  as  to  the  usage  of  the 
hypobaric  Chamber,  an  investigator  must  consider  an  alternative  to  demonstrat ing  hypoxia 
to  aircrew  personnel  without  decreasing  their  quality  of  life. 
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DISCUSSION 


Leaders  in  the  aerospace  physiology  community  contend  that  there  is  adequate  4 
Justification  to  train  aircrew  to  recogniee  and  correct  for  hypobaric  hypoxia.  Har'ing  4! 
and  Hills  ( 1 i )  state  that  "The  fail  in  total  atmospheric  pressure  and  the  consequent  4 
reduction  in  the  partial  pressure  of  oxygen  (POp)  poses  the  greatest  single  threat  to  8 
anyone  who  flies,  hypoxia."  The  United  States  Air  Force  contends  that  training  students  i 
to  recognize  their  hypoxia  symptoms  is  an  important  phase  of  the  aerospace  physiological  3 
training  program.  ^ 

Charles  Lindbergh  (14)  once  wrote  that  training  to  recognize  and  avoid  hypoxia  works.  f 
He  stated  that,  "It  saves  lives."  f 
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Brooks  (15)  in  reporting  incidents  occurino  from  loss  of  cabin  pressurization, 
supported  hypoxia  training  when  he  wrote,  “There  'were  three  cases  of  hypoxia,  in  which 
the  pilots  recognized  their  symptoms  and  followed  established  procedures  leading  to  an 
cneventful  landing  which  may  be  attributed  to  effective  aeromedical  training." 

Ernsting  in  Nay  of  1984  (161,  declared  that  “The  most  important  single  hazard  of 
flight  at  high  altitude  is  hypoxia."  He  continues,  "All  aircrew  should  receive  Initial 
and  refresher  training  in  the  effects  of  hypoxia.  It  is  highly  desirable,  and  indeed  in 
most  Air  Forces  it  is  mandatory,  that  this  training  includes  personal  experience  of 
hypoxia  In  a  hypobaric  chamber." 

However,  the  serious  nature  of  the  threat  of  hypoxia  and  the  probability  of 
occurrence  of  this  threat  continue  to  be  the  pivot-point  around  which  all  other  aerospace 
physiological  disorders  revolve.  Ernsting  (16)  reminds  us  not  to  overlook  the  large 
individual  variations  In  the  effects  of  hypoxia  and  the  modifying  effects  such  as  mode  of 
exposure,  rate  of  ascent,  physical  exercise,  temperature,  etc.  Inducing  hypoxia  by  way 
of  decreasing  barometric  pressure  results  in  a  variety  of  changes  in  respiration, 
circulation,  and  blood  chemistry  that  can't  avoid  masking  or  complicating  the  actual 
individual  effects  of  hypobaric  hypoxia.  Harding  and  Mills  (13)  report  that  in  moderate 
hypoxia,  such  as  breathing  air  at  25,000  feet,  cardiac  output  and  heart  rate  are 
increased  while  the  overall,  peripheral  resistance  is  reduced.  Rahn  and  Otis  (17), 
comparing  different  altitudes,  reported  that  the  higher  the  altitude  the  greater  is  the 
ventilation,  the  larger  is  the  initial  rise  in  the  alveolar  respiratory  quotient,  and  the 
lower  does  the  alveolar  PCO2  fall.  Bason  (6)  reports  that  changes  In  hemostatic 
systems  have  been  discovered  following  decompression  from  both  normobaric  and  hyperbaric 
environments  In  the  absence  of  overt  signs  and  symptoms  of  DCS.  These  alterations 
include  loss  of  circulating  platelets.  Increased  serum  fibrinogen,  and  an  increase  in 
certain  serum  enzymes. 

He  have  reviewed  the  seriousness  and  life  threatening  dangers  associated  with  DCS 
while  confirming  the  requirement  for  Individual  experience  with  hypoxia.  Accordingly, 
hypoxia  demonstrations  at  a  safe  altitude  such  as  ground  level  would  appear  to  alleviate 
many  of  the  major  and  minor  maladies  resulting  from  altitude  induced  hypoxia.  Ground 
level  training  world  alleviate  the  aerodonta 1g i a,  vasovagal  syncope  due  to  abdominal  gas 
expansion,  aerosinusi tis,  and  barotitis  media.  Ground  level  training  would  neutralize 
the  complications  associated  with  Boyle’s  law,  Henry's  law,  and  Charles'  law.  The 
question  may  be  asked  as  to  the  best  way  to  train  students  in  median i c a  1 ly  relieving  the 
build  up  of  trapped  gas  in  the  ears  and  sinuses.  In  response,  the  prevalence  of  ear 
blocks  clusters  into  two  communities:  (a)  those  individuals  with  respiratory  ailments 
who  should  have  been  medically  screened  and  placed  in  a  grounded  status;  and  (b)  those 
inexperienced  individuals  who  have  not  mastered  the  technique  of  valsalva.  Ground  level 
training  will  permit  valsalva  practice  in  a  controlled  manner  without  the  presence  of 
pain  resulting  from  a  pressure  differential  between  the  middle  ear  and  the  chamber 
envi ronment. 

Now  a11  that  rc'.iains  is  to  develop  a  means  to  safely  Induce  ground  level  hypoxia  to 
aircrew  personnel  which  would  allow  for  individual  char ac ter i s t I cs  of  hypoxia  similar  to 
those  experienced  In  an  actual  aircraft  hypoxic  incident. 


MIXED  GASE5 


The  actual  composition  of  dry  atmospheric  air  does  not  change  from  sea  level  to 
70,000  feet.  The  a1r  is  composed  of  20,94<  oxygen,  79.02*  nitrogen,  .04*  carbon  dioxide, 
and  a  small  percent  of  rare  gases.  Any  decrease  in  the  percent  of  inspired  oxygen  will 
result  In  some  degree  of  hypoxia.  The  questions  to  be  answered  are,  "What  Is  the 
correct  percent  of  oxygen  to  use  and  what  should  comprise  the  remaining  gas?"  Through 
personal  communications.  Dr.  Christian  Lambertsen  reported  Inducing  hypoxia  to  divers 
training  with  self-contained  breathing  systems  In  order  to  demonstrate  the  risk  of 
improperly  preparing  the  gases  making  up  their  air  supply.  A  great  deal  of  work  lias  been 
done  with  mixed  gases  using  pulmonary  function  and  gas  transportation  systems.  These 
usually  dealt  with  6*  to  at  oxygen  systems  at  ground  level.  West  (18)  carried  out 
measurements  of  maximal  exercise  to  throw  light  on  the  way  in  which  the  mountain 
climbers,  Massner  and  Habeler,  were  able  to  reach  the  summit  of  Everest  without 
supplementary  oxygen.  He  used  a  bicycle  ergometer  at  Camp  II  (2C,700  feetl  and  gave  the 
climbers  inspired  mixtures  containing  low  oxygen  concentrations.  In  this  way,  it  was 
possible  to  measure  maximal  oxygen  uptake  with  the  inspired  PO2  of  43  mmHg  which  Is  the 
same  as  on  the  Everest  sumnlt  (29,028  feet). 
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Most  mixed  gases  research  has  involved  oxygen  and  nitrogen.  The  impact  on 
respiratory  quotient,  hyperven t i  I  at  I  on .  and  conflicting  symptoms  with  hypoxia  have 
steered  researchers  away  from  including  carbon  dioxide  as  one  of  the  mixed  gases.  For 
those  reasons,  the  mixed  gases  to  be  used  to  induce  hypoxia  at  a  safe  altitude  should  be 
oxygen  and  nitrogen.  What  rema-ns  to  be  decided  is  the  "quantity  of  each  gas"  to  be 
utilized  to  satisfy  the  training  objectives. 

Much  research  has  been  accomplished  to  determine  the  partial  pressure  of  oxygen  at 
the  alveoli  at  practically  any  given  altitude.  Since  the  Navy  has  a  fixed  requirement  to 
oemonstrate  hypoxia  to  its  aircrew  personnel  at  an  altitude  of  25,000  feet,  the  logical 
conclusion  would  be  to  mix  the  gases  in  pressures  that  would  impact  the  body  as  if  it 
were  at  25,000  feet.  Host  researchers  agree  with  only  slight  variation  as  to  the 
alveolar  PO^  at  25,000  feet.  Harding  and  Mills  (13)  report  that  most  physiological 
changes  occu'"  within  three  to  five  minutes  of  sudden  exposure  to  an  altitude  of  25,000 
feet  by  which  time  the  alveolar  PO2  is  30  inniHg .  This  is  consistent  with  the  trend  of 
decreasing  alveolar  PO^  with  increasing  altitude.  Rahn  and  Otis  (W)  report  alveolar 
POg  to  be  33,4  mmHg  at  22,000  feet.  West  (18)  reported  an  alveolar  POj  of  35  mmHg  at 
dnaltitudeof2l,300feet. 

The  resultant  alveolar  PO2  at  25.000  feet  is  primarily  dependent  on  the  inspired 
PO?  at  that  altitude.  The  gas  equation  (figure  1)  can  be  utilized  to  calculate  the 
Inspired  oxygen  in  mmHg  and/or  percent  of  oxygen  available  at  25,000  feet.  Once  this 
factor  is  known,  the  same  equation  can  be  used  to  discover  the  ground  level  requirement 
in  percent  of  oxygen  that  will  provide  the  25,000  feet  equivalent  in  mmHg  of  oxygen.  At 
25,000  feet  the  barometric  pressure  is  282  mmhg.  Subtracting  the  constant  pressure  for 
water  vapor  of  47  rnmHg  results  In  235  mmHg  of  remaining  gases.  Multiplying  the  235  mmHg 
by  the  percent  of  oxygen  available  at  25,000  feet,  20.94*  will  provide  the  mmHg  of  oxygen 
available  in  the  Inspired  air  at  25,000  fe^t.  Accordingly,  49.21  maiHg  of  oxygen  is 
available  in  the  Inspired  air  to  each  trainee  during  a  25,000  feet  hypoxia 
demonstration, 

FIGURE  1.  GAS  EQUATION  SHOWING  DETERMINATION  OF  GROUND  LEVEL 
AND  25,000  FEEF  INSPIRED  OXYGEN  EQUIVALENCE 


Ground  Level 

7bO  mmHg 
-4 7  mmHg  HjO 
7T5  mniHg 
X.069  *  of  Oj 
T9T75  rnmHg  of  Inspired  02 


25,000  Feet 

282  iiimHg 
-4 7  mniHg  H^O 
73T  mniHg 
X  2094  X  of  0? 

4Tr7T  iiirnHg  of  Inspired  0^ 


Using  the  same  formula  but  using  the  ground  level  barometric  pressure  of  760  rnmHg, 
one  can  calculate  the  percent  of  oxygen  required  to  provide  the  same  Inspired  partial 
pressure  of  oxygen  at  ground  level  that  exists  at  25,000  feet.  This  Is  6.9*  which 
translates  into  on  Inspired  partial  pressure  of  oxygen  of  49.20  rnmHg. 

Presumably,  if  the  inspired  partial  pressure  of  oxygen  is  equal  at  both  altitudes, 
then  the  alveolar  partial  pressure  of  oxygen  will  be  equal.  Enough  physiological 
equality  will  exist  to  result  In  similar  experiences  under  hypoxic  conditions. 

However,  the  proposed  ground  level  gas  mixture  contains  an  increase  In  nitrogen  from 
78.07*  to  93.1*.  In  1946,  Fenn,  Rahn,  and  Otis  (19)  reported  that  when  there  is  an 
increase  in  partial  pressure  of  nitrogen,  then  the  alveolar  partial  pressure  of  oxygen 
will  be  affected.  With  an  Increase  (n  nitrogen  of  15.0Lt  there  is  a  change  in  partial 
pressure  of  oxygen  of  2-3  rnmHg.  Tills  is  equivalent  to  a  0.5*  requirement  for 
modification  to  the  delivered  partial  pressure  of  oxygen.  Accordingly,  it  is  expected 
tnat  by  increasing  oxygen  to  approximately  7.4*,  the  resultant  rise  in  alveolar  PO^ 
will  bring  about  the  equivalence  sought  after. 

Another  concern  that  mutt  bi  noted  when  increasing  Inspired  nitrogen  is  the 
potential  for  0C5.  Additional  precautions  are  not  considered  necessary  for  the 
prevention  of  DCS  for  environmental  exposures  as  minor  as  proposed  here.  The  proposed 
piocedure  for  post-hypoxic  exposure,  that  of  switching  to  1C0*  oxygen  and  positive 
pressure  breathing,  wilt  greatly  assist  in  ti.ssue  den  1 1  r  ogena  1 1  on  .  A  possible  advantage 
to  ground  level  induced  hypoxia  followed  by  den i t r ogena 1 1  on  is  that  the  phys I  0 1 og i ca  1 
training  sites  will  not  be  required  to  aeronaut  1 ca 1 1y  ground  the  trainees  for  a  specified 
period  of  time. 


IHAINING  EQUIPMENT 

The  existing  Navy  aircrew  personnel  training  quotas  dictate  the  time  allotted  for 
physiological  training.  Accordingly,  mass  hypoxia  demonstrations  will  remain  a  time 
efficient  necessity.  After  rather  simple  modifications,  the  existing  decompression 
chambers  can  effectively  and  safely  satisfy  the  "ropose'i  training  proced"re.  All  Navy 
chambers  have  primary  and  serondaiy  oxygen  sysi-ems.  Completely  isolating  these  systems 
is  required.  One  system  will  continue  to  deliver  100*  oxygen  while  the  other  system  will 
deliver  7.4*  oxygen  and  92.6*  nitrogen.  The  addition  of  a  mixed  gas  delivery  manifold 
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s  stem  will  be  required  from  the  bottled  source  to  each  trainee  console.  A  trainee 
console  must  be  manufactured  to  resemble  the  face  and  operating  mechanism  of  the  oxygen 
regulator.  This  will  provide  operational  realism  yet  allow  the  delivery  to  the  trainee 
of  either  gas  system  at  the  discretion  of  the  chamber  operator.  in  this  way,  the  same 
size  training  classes  can  be  accommodated  as  presently  exist  at  the  physiological 
training  sites.  Additionally,  due  to  the  time  saved  by  not  preoxygenating  and  by  not 
having  to  ascend  and  descend  the  cha.mber,  training  quotas  could  be  increased,  thus 
bringing  greater  efficiency  to  the  training  site  and  thereby  returning  the  aircrew 
personnel  back  to  their  squadrons  and  into  their  aircraft  more  quickly. 


RECOHMENOATIONS 

A  new  training  scenario  is  recommended  to  conduct  hypoxia  demonstrations  on  aircrew 
personnel  in  a  manner  that  will  satisfy  training  objectives  while  alleviating  all 
potential  for  DCS.  The  scenario  is  as  follows:  (a)  conduct  a  classroom  presentation  on 
aeromedical  factors  threatening  to  the  aircrew  personnel  In  flight;  (b)  provide  a 
classroom  briefing  on  chamber  training,  hypoxia  demonstrations,  and  emergency  procedures 
(e.g.,  fire,  etc.);  (c)  enter  decompression  chamber  and  don  communication  helmet  and 
oronasal  mask  delivering  air  at  ground  level  pressure;  (d)  check  trainees  for  ease  of 
c  ommun  i  ca  t  i  ng  and  breathing;  (e)  chamber  operator  will  initiate  flow  of  mixed  gases  (7.4)( 
oxygen  and  92.6*  nitrogen  at  ground  level  pressure)  to  one-half  of  the  trainees  and  start 
the  stopwatch  for  the  hypoxic  period;  (f)  one-half  of  the  trainees  will  begin  performing 
their  preassigned,  mission  oriented  hypoxia  demonstrations;  (g)  when  the  trainees  feel 
the  signs  and  symptoms  of  hypoxia,  they  are  instructed  to  turn  their  individual  oxygen 
regulator  from  the  normal  (ambient)  oxygen  position  to  the  100*  oxygen  position;  (h)  by 
four  minutes,  medical  attendants  will  ensure  all  trainees  are  switched  to  100*  oxygen  and 
fully  recovered  from  hypoxia  symptoms;  (i)  the  other  half  of  the  trainees  now  perform 
their  hypoxia  demonstrations  exactly  as  performed  by  the  first  group;  (j)  trainees 
individually  report  their  own  symptoms  of  hypoxia;  (k)  chamber  operator  will  instruct  the 
trainees  on  breathing  and  communicating  against  positive  pressure  breaihlg;  (1)  under 
the  watchful  eye  of  the  medical  attendants,  each  trainee  will  demonstrate  the  valsalva 
technique  to  practice  clearing  the  ears  ana  sinuses;  (m)  trainees  will  remove  helmets  and 
oroc.asal  mask  and  return  to  the  classroom  for  a  chamber  training  debrief  and  continue 
their  training  evolution. 

The  advantage  in  dividing  the  trai.iees'  hypoxia  demonstration  into  two  groups  Is  to 
permit  objective  as  well  as  suhjertivs  syuptons  to  be  iswed  and  experienced. 

The  trainees  will  den  1 1 rogena t e  for  approx imately  six  minutes  during  the  recovery  and 
hypoxia  symptoms  reporting  periods.  Ten  minutes  of  additional  den  1 1 rogena 1 1  on  will  occur 
during  the  positive  pressure  brea'fiing  demonstration  and  valsalva  practice  session.  The 
first  group  to  demo.nstrate  hypoxia  will  receive  another  four  to  five  minutes  of  breathing 
100*  oxygen  while  the  second  group  experiences  hypoxia.  Accord Ingly,  trainees  will 
deni trogenate  from  16  to  21  minutes  after  their  ground  level  hypoxia  experience. 


CONCLUSIONS 

The  increased  incidence  in  decompression  sickness  during  physiology  training  among 
U.  S.  Navy  aircrew  personnel  and  medical  attendants  requires  a  search  for  alternative 
means  of  permitting  recognition  and  corrective  action  of  hypoxia.  The  requirement  for 
individual  hypoxia  training  is  considered  valid  not  Just  by  Nsvy  r egu i □ t i on j  but  by 
aeromedical  practitioners  throughout  the  world.  A  proposal  Is  made  to  utilize  a  gas 
mixture  consisting  of  7.4*  oxygen  and  92.6*  nitrogen  to  induce  hypoxia  at  ground  level. 
This  would  permit  ground  level  hypoxia  training  with  similar  symptoms  of  hypoxia  as 
presently  demonstrated  at  25, TOO  feet  in  a  decompression  chamber  but  would  alleviate  the 
primary  cause  of  decompression  sickness.  All  other  U.  S.  Navy  training  objectives  for 
the  chamber  exposure  would  be  safely  met  and  more  efficiently  demonstrated. 

The  initial  financial  burden  in  modifying  the  existing  decompression  training 
chambers  would  be  moderate  when  considering  development  and  manufacturing  of  a  new 
training  device. 

The  ultimate  gain  exists  In  decreased  human  suffering  and  the  necessary  return  of 
credibility  to  the  aeromedical  training  community.  This  Is  a  must  if  we  arc  to  profess 
to  "DO  NO  HARM. " 
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